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1 . FAST NEUTRON DATA 

A b s t r a c t 

Four e x p e r i m e n t s a r e in p r o g r e s s to m e a s u r e some neutron data 

in the fas t neut ron region for f iss ion r e a c t o r appl icat ion. Of 

cons ide rab le i n t e r e s t i s the c a s e of the shape and a v e r a g e energv of 
239 

the P u f ission neutron s p e c t r u m where it i s hoped that exist ing 

d i s c r e p a n c i e s will be reso lved . 

i . 
1 . 1 . Data Evaluation for the Neutron Source Reaction Li tp .n) 

H. L i s k i e n . A . Pau l sen 

Taking up a recommendat ion of the P^ANDC Symposium on Xoutron 

S tandards and Flux Normalization in 1 970, c on to:*-of-ma.?? bent 

values for the no rma l i zed Logendre coefficient'; and the 0 differential 

c r o s s sec t ions a s function of input energy have been der ived from 

var ious exper imen ta l r e s u l t s for the r eac t ions I.i(p,n) ]'><• and 

Li(p ,n) Be' (431 keV) for p ro ton e n e r g i e s b^t : .. ~ MoV. This 

information has been used to ca lcula te r ecommended l abora to ry 

different ial c r o s s sor t ions a s function of the l abora to ry proton 

energy and neutron emiss ion angle . The vn»-)? has ' - Ï • •• cepted 

for publicat ion and will a p p e a r in Nuc lea r Data Tables WO. 1^ 

No. 1 January 1975. 

1.2. M e a s u r e m e n t s of the Neut ron înduced Vis•>','.>;> "•••••itrM: •"•"•.'. 'IK>' 
239 

Spec t rum of * P u 

H. -H. Kn i t t e r , M. Mail ly, R. Vogt 

>°21,>'i A jrood knowledge of the. fission neutrr.n rr.- . 

impor tance for neutronic calculat ion* ».f ta. '.••. 
2 ', '» 

P r e v i o u s l y , the spec t rum ot U fission a a t ; - : , ;>•• '•• ..•;.•••;.•••! 

in this l abora tory and this ha.- been foilo" •••' 
2'>9r, .. . 

Pu l iss ion neutron energy spec t rum ur • • 
The fast neutron t ime-of-f l ight terhr.i.-!••:• ••.•••. 
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T h i s m e a s u r e m e n t cove r s the f iss ion neutron energy range f rom 

0. 25 to 15 MeV. C o r r e c t i o n s for the shape of the s p e c t r u m have 

been made for secondary in t e r ac t ions of fission neut rons in 

the s a m p l e . 

F igure 1. 1 shows the f ission neut ron energy s p e c t r u m N'fE) clivir 

ded by the squa re root of the f ission ne»*rnn enerjr. plotted in n 

loga r i thmic sca le v e r s u s the neut ron energy . 

The solid line r e p r e s e n t s the r e s u l t s of a l eas t s q u a r e s fit through 

the exper imenta l data with a Maxwellian dis t r ibut ion. To obtain 

p r o p e r weights for the po in ts in the l e a s t soiuarcs fit. the energy 

uncer ta in ty was t r ans la ted into an in tens i ty uncer ta in ty contr ibut ion. 

T h i s t rans la t ion was p e r f o r m e d accord ing to "-^r~r- ( ~ " TT~' ~t~' • 

a formula which i s der ived under the assumpt ion that the exper imenta l 

data follow a Maxwellian d is t r ibut ion with t e m p e r a t u r e T. The ave rage 

energy obtained i s 2. 136 ^ 0 . 045 MeV. 

A p a p e r about this subject i s being wricter .-••••" • i11 -oon be TVIM''-1 e<:. 

1 . 3 . Dé te rmina i ! . ; •• -' 'Excitat ion Func; ion t'c - T 
• ' ' > . . . . ' -• 

!. . 
115 j o 7 

In and ' Au 
A. Pau l s en , H. L i sk ien , . . . V i d e r a , F. Arr.oîto 

Fo r uet" . r (1 ôimetrv p u r p o s e s (n, ?.n) exc i ia f .-•*. .'-..n-tinr.? .-•:••• ;>•>:; 

de t e rmined J : : Zn, In (for the p r o d n e f o n o: It ! •• : 
197 

Au by the act ivat ion technique at the 3.7 MV V-.-r- d.- Clrx»:-

a c c e l e r a t o r of the CB.«'M. All m e a s u r e m e n t s v e r ' made r-1 •'•••v.- !.. 

the H(n,n) c r o s s - s e c t i o n by m e a n s of a recoi l p . o on ;i-Ieso cout.t.-i 

692 >! 5 i" the 12 to 20 MeV neutron energy ranf-rr-ma'rj'•:.:; i •-• '•!' >:.< > tti.r.^ 
197 

neut ron source reac t ion . F o r ' Au (n, Zn) <•-if;i!: r ; r•••< ; :iren.-.T.tf 
i c. 

were m a d e between 10 and 12 MeV using the *'.'' n) v o u r c react ion. 

The induced ac t iv i t i es were de t e rmined by ca l ibra ted (jecl.i) gamma 

d e t e c t o r s . Differences between the cal ibrat ion ' f o r ce r . ; : ': •?:'• actual 

s amp le s in geomet ry and absorp t ion were cr.rr- < u d fc<r. 

i r r ad ia t ions and act ivi ty de te rmina t ion J a r • tiai-.i . 'd ;»;.<•; • ;• i data 

evaluation is in p r o g r e s s . 
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The p r e l i m i n a r y r e s u l t s a r e in r easonab le a g r e e m e n t with exis t ing 

data (mainly 14 MeV values) for Ti and Z:\. F o r In and Au 

the p r e l i m i n a r y r e s u l t s a r e confirming the lowest va lues of the 

exis t ing data (again mainly 14 MeV values) . 

1 . 4. M e a s u r e m e n t s of the F a s t Neu t ron Sca t te r ing and Tota l C r o s s 

Sections of P r and the Study of i t s Level Scheme by (n,n* , v) 

M e a s u r e m e n t s 

R . Singh* H. -H. Kn i t t e r , M. Mai l ly , R. Vog* 

1-M The level scheme of P r was studied by m e a s u r i n g the gamma ray 

s p e c t r a f rom the ine la s t i c sca t t e r ing of ncuVons with e n e r g i e s between 

1. 10 and 2. 22 MeV. In addit ion to the l eve l s below 1 651 kcV, the 

l e v e l s 1785, 1813, 1842, 1856, 1975 and 2016 koV were conf i rmed and 

evidence was fotind for the exis tence of a r. rovj.ouslv proposed new level 

a t 1899 keV. 

A new t rans i t ion 2103 > 1452 was added tr« 1 ' ie level s cheme . No 

evidence was found in favour of the le voir, :^:A keV and of tin 

t r ans i t i ons 1651 -> ! •!• 3 5, 1651 > 1 ': '. : ' 7 > 0. 

The re la t ive in t ens i t i e s and th^ branching r • ' • r • <•• •>. t r a n s : t i o n s v.-or<-

de t e rmined and compared v.dtn the p.rf:\-jour :• . "r •. ;h;nf. and p a r i t i e s 

of somo of the l eve l s w e r e deduced. Thin p; •..-:• c••" ; ! v.^rK has been 

publ ished ir. 7. Phys ik 270 , 97 (1974Ï. 

141 
The differential e l a s t i c neut ron sca t t e r ing cr<-.s.s -c • ':cr\--: of P r 

w e r e m e a s u r e d a t the incident neut ron cnc.rrr<-r ••/ : ?.. ) . 7 •-..".<•! 

1. 9 MeV in the angula r range between 25 ?wx i ' r •• ?.r <~r-. .'' ' : . 7 MeV 

the differential ine las t i c neut ron scattering'--^.--. -• , r ' o •• <<spondinj: 

to Q ~ -11?.?. koV. and a t 1. 9 MeV the one* c o r n - . Ing to O = -1 122, 

and Q - -1295 keV w e r e a l so de te rmined . In a ' . .: isr ion expe r imen t . 

the total c r o s s section w a s m e a s u r e d between 0. '•<•• ,.nd ?.. •'»?. McV. The 

total and different ial e l a s t i c c r o s s sec t ions wr r . \-ulat»--i using the 

nuc lea r optical model and these w e r e compfi.- .: >.•>.vt\ the <•*.>< r imental 

data. Th i s p a r t of the work has been act ••pied i >r publication in 

Z. Physik. 

Depar tment of P h y s i c s , Indian Institute V i <•<• hrioinr.v. 
KANPUR, India 

file://f:/-j
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RESONANCE NEUTRON DATA 

Abs t rac t 

M e a s u r e m e n t s w e r e continued a t the Linac following the l ines of a p r o 

g r a m m e which e m p h a s i z e s r e sonance p a r a m e t e r de te rmina t ion of a c t i -

nides and which is guided by WRENDA reques t l i s t s . A l a r g e pa r t of 

that p r o g r a m m e has been executed in co l labora t ion with phys i c i s t s of 

SCK./CEN-Mol. It was supplemented by the r e s e a r c h act iv i ty of a team 

of CNEN-Bologna spec ia l i sed on the inves t igat ion of neut ron capture v -

r a y spec t ra . This ac t iv i ty expi red at the end of 1974 by the ret t i rn of 

that team to Ttaly. 

The extensive work on the resonance p a r a m e t e r s of \j »as been 
238 completed . Now U is being invest igated on a broad sca le including 

cap tu re , s ca t t e r ing , subthreshold f ission and y - r a y spec t ra m e a s u r e 

m e n t s . F o r the f i r s t half of 1°75 a lso f ission c r o s s - s e c t i o n m e a s u r e -
241 2 3f» 

ments on Am and Pu a r e envisaged. 

Considera t ion is being given to the work p r o g r a m m e with the m o d e r 

nised l inac vshich is expected to be in opera t ion Ap»-il 1976. The .short 

burs t width of the mach ine should p e r m i t m e a s u r e m e n t s in the koV to 

MeV range; and m e a s u r e m e n t s on s t r u c t u r a l m a t e r i a l s and fission p r o 

duct.- a r e being cons ide red . 

2 . 1 . Resonance P a r a m e t e r s of I.J 

714011 Two sets of m e a s u r e m e n t s have been completed, the first by 
+ ' 4- + ++4 

Meu i s sen , Poor ' .mans . H.ohr, Theobald , Vanpraet and 

Weigmann. It is s u m m a r i s e d as follows: 

Capture , sca t te r ing and total c r o s s - s e c t i o n m e a s u r e m e n t s have beet. 

per formed on U, over an ene rgy range from 30 eV up to I. iV. 

using the CBNM e lec t ron linac a s a pulsed neutron sou rce . 

The total c r o s s - s e c t i o n m e a s u r e m e n t s were done on a smal l i»e.ti: 

facil i 'v (beam d i a m e t e r 11 mm) using a high p r e s s u r e He g.i -eons 

SCK CKN Mol 

4 + 
Now at Technische Hochsehule Darms tad t . Fachber»•;<•!. Phvsil' 

) * > 
l:I 'C Antwerp 



scintillator at a 30 meter flightpath. The sample thickness was 
-3 236 

n = 7. 6 x 10 a toms/barn (99.7% U). The resonance parame

te rs were obtained combining the results from an area analysis of 

the three experiments. The neutron width T could be determined 

for 97 levels up to 1. 8 keV and the capture width F for 57 among 

them. 

The most important result from the present experiments is the mean 

capture width: 

F = r 23.0 + 0. 5 (stat. ) + 1.0 (syst. ) "jmeV. 

For the s-wave strength function we find: 

S = (1.05 + 0.14HO"4 . 
o — 

The second set of the measurements is by Brusegan and Carraro , 
the summary of which reads as follows: 

236 The neutron total -ross-section of U has been measured by means 
of the time-of-flight technique at the 80 MeV Linac of CBNM using a 

B plug detector at 100 m. 

Neutron widths have been evaluated in the energy range from 40 oV 

up to 4.1 keV for 185 resonances. Sample thicknesses were 

8.98-10 atom s/barn -«nd 1.34* 10 atoms/barn. 

Assuming only S-W-TC contribution in the analysis range, th..» avera ..».• 

properties of the resonance parameters have been determined as-

D - ? ' ' . . 2 + . 3 )eV;r°= (1.61 + . 16)meV; S - (1.00 + . 10)- i n " ' - n — o -~ 

The method, ot 1 . FUKETA and J. A. HARVEY was applied over ihe 

encire range to consi ior the missed resonances. The analysis of t! 

level spacing and of the neutron width distribution has been per!'»».. i 

applying respectively the WIGNER and the PORTER-THOMAS : «ri 

bittinn. In order to look for possible p-wave resonances the u. ••'. <> 

HOLLINGER et al . and the A DYSON statistic have been <•:• ;:!ov'l 

for all resonances. Besides the Dyson statistic has been applied in 

» valuate the expected mean level spacing D . 



;;. Z. Resonance P a r a m e t e r s of IT 
+ + 

:?.St. L. Mewisser , F . P o o r l m a n s , G. Rohr , Ï . van de l Veer , 
'\! '•$=; G. Vanpraet , H. Weigmarn , J. Winter 

'•I Oil 

!40!t'; 
Scat ter ing Cross-Sect ion Fvper i roents have been done below 1.2 keV 

with 4 samples , r e s p e c t i v e l y 1.312 10 at, b, 5.527 10 at b, 

1. 004 10 at b and 1. 099 10 at b. The m e a s u r e m e n t s were p e r -
3 

formed on a 30 m e t e r flightpafh stat ion using the He high p r e s s u r e 

gaseous sc in t i l l a to r de tec to r sys t em. The th innes t s amp le s a r e 10 

to !00 t imes th inner than those used in previous pa r t i a l c r o s s - s e c 

tion m e a s u r e m e n t s in o ther Laborator ies so that poss ib le e r r o r s on 

the c o r r e c t i o n s for mul t ip le sca t te r ing effects .are min imized . The 

total sys temat i c e r r o r in our r e su l t s is not l a r g e r than 3 "'„ and the 

s ta t i s t ica l e r r o r is within I "** for ^tr«>nu r e sonances and 10,?'- lor 

weaker ones . The data ; re par t ly analysed for the two thinnest 

samples and p r e l i m i n a r y r e su l t s were communica ted at the "Spe 

c ia l i s t Meeting on Resonance P a r a m e t e r s of F e r t i l e Nucle i" .'.old 

;-t Saclay, May 2 0 -.:.?.. ! '«7t. 

A new se r i e s of t:ran:->ims s ion expoi'm ••-•ms with s amples cooler! at 

li«|'.sid nitrogen t e m p e r a ' u n will be s:.a r:ed vory soon. 

' ' a j . iurc Cross-Sec t ;on : \perimer.i•• . '\ f i rs t run using a C,V V -
. . _ . . . . . . . . . . . _ t> » i 

•••elector cover inc 'n. • ••. • .iv ••'•...;•• frr:n .'-M eV to 1 . 8 keV a'.d v.y\>. i> 

•; thick ^ample (*>. '•£• "'• ' at !• > .':• ">. i •;> annjysod. The aim '.'•'. this 

p resen t ana lys i s is tvonaid: 

.} ;)«-t «. r'.u'm:, • ion o! a precis»; value >>f M;<> p-v/ave s t rength function 

i>v an a r e a ar.a' > ; • •-••• the sma l l e r r e sonances in combination 

with resonance pa : : arjt<ig;jjv-m• ($>•(- ),) and sect ion 3. ! i. ). 

'J) Information or. the coupling cond:,i<-*i?-. in : u b - b a r r i e r fission 

i ' U (see '>. iO. ! and resonant* p<r i t ies from the mea.-ur 

i;ross shape of the •• - r a / spect rut;.. 

• ir ther capture c r o s s - h e c t i o n experht • •;'.- on thinne»- •- mpjf 

• : i ! i i< sf.,-! r i e d <••'• .<•••. 

file:///perimer.i
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237 
2 . 3 . Resonance P a r a m e t e r s of Np 

A.Angele t t i , L . M e w i s s e n , F . P o o r t m a n s , G. Rohr, 

T. van d e r Veen, G. Vanoraet , H. Weigmann 

T r a n s m i s s i o n Exper iments . The ana lys i s is completed up to 50 eV 

for all th ree sample th i cknesses : (1 .68-10 g / c m , 5 .23-10 g cm" , 
_2 , 2 -} 

2 .32-10 g / c m ). The data ob ta ined with the 3 g sample (5. 23- 1 0 g cm 

yielded neut ron widths for 128 r e s o n a n c e s between 50 eV and 204 eV as 

a resu l t of an a r e a ana lys i s . F o r some of these leve ls the ana lys i s of 

the runs with other sample th icknesses will be n e c e s s a r y . 

Sca t te r ing Expe r imen t s . The ana lys i s of the sca t te r ing data (up to 

~ 200 eV) is st i l l in p r o g r e s s , 

671114 Capture E x p e r i m e n t s . Neutron widths tor 110 r e s o n a n c e s have now 

671116 been evaluated up to 100 eV neutron energy . 

Combined ana lys is of the r e s u l t s of total and par t ia l c r o s s s e d i o n 

expe r imen t s will be per formed after completion of the pa r t i a l ana

lys i s to obtain the resonance p a r a m e t e r se t . 

226 2 . 4 . Resonance Pa:-r... I T S of Ra 

H. Ceulemans 

T r a n s m i s s i o n experiment: : or. a 1 g PaCO sample with di; -icnsioi,. 

14 mm x c rr.m by 6. 5 mm high, have been conducted dur ing a Ion-.: 

period of t ime io ore '" ' • obtain sufficient s t a t i s t i ca l a ccu racy . 

The s o u r c e - s a m p l e .ance is about 3 m and the de t ec to r s a re a' 

30 m such that with t iming channels of 40 ns min imum width and 

an init ial delay of about 100 ^s , the energy range between 10 

and 600 ev can be covered with adequate resolut ion. 

Due to the smal l size of the sample , the counting r a t e s a re v - r y lov 

+ SCK/CEN Mol 

* 
Euratom - fellow 
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The s a m p l e c a n be r o t a t e d o v e r 90° i n s i d e i t s h e a v y s h i e l d i n g so tha t 

it p r e s e n t s a t h i c k n e s s of e i t h e r 14 m m o r 5 m m to t h e b e a m , g iv ing 

1 : s p e c t i v e l y 5 . 9 x 10 a t o m s b a r n and 2 . 1 1 x 1 0 a t o m s / b a r n . 

Good s t a t i s t i c a l a c c u r a c y is v e r y i m p o r t a n t in o r d e r to d i s t i n g u i s h 

s m a l l r e s o n a n c e s f r o m f l u c t u a t i o n s and to o b t a i n in so do ing a c o m 

p l e t e p o p u l a t i o n of l e v e l s . In t h i s w o r k 19 r e s o n a n c e s w e r e f i r m l y 

e s t a b l i s h e d . T h e i r e n e r g y and an i n d i c a t i o n of t h e i r r e d u c e d n e u t r o n 

wid th a r e g i v e n in the t a b l e . T h e f i r s t r e s o n a n c e , w h i c h w a s m e a 

s u r e d b e f o r e , i s a d d e d for c o m p l e t e n e s s (H. C E U L E M A N S , 

H. C H R I S T I A E N , G. C O E D E M E , " T h e t o t a l c r o s s - s e c t i o n of 2 2 t ' K a 

be low 1 e V " , C o n f e r e n c e on N u c l e a r S t r u c t u r e S tudy wi th N e u t r o n s , 

B u d a p e s t 1972, p . 100). T h e s e r é s u l t a l e a d to an a v e r a g e l e v e l d i s 

t a n c e < D > = 26 . 12 eV w h i c h is a v e r y r e a s o n a b l e v a l u e in a g r e e 

m e n t wi th the v a l u e s found for the c o m p a r a b l e n e i g h b o u r i n g n u c l e i 
2 32 238 

Th and U. T h e d i s t r i b u t i o n of l e v e l s p a c i n g s is not in d i s 

a g r e e m e n t wi th a W i g n e r d i s t r i b u t i o n , but a d e t a i l e d c o m p a r i s o n is 

d i f f icul t due to the l i m i t e d n u m b e r of r e s o n a n c e s . T h e s a m e h o l d s 

t r u e for the d i s t r i b u t i o n of r e d u c e d n e u t r o n w i d t h s . T h e a n a l y s i s of 

the da t a i s s t i l l in p r o g r e s s and a m e a n i n g f u l v a l u e fo r the s t r e n g t h 
funct ion c a n n o t be given yet . 

2? 6 
T a b l ' of R e s o n a n c e s o n Ra 

• • • • • - • • • — • 

E (eV) 
o 

. • > •'• i 

24 . 23 

39. 12 

3 9 . 7 3 

i 55 .47 

! 8 0 . 4 5 

88 . 16 

: " 4 . 7 

217 . ^ 

2 36. S 

262 . 0 

F (meV) 
n 

( p r e l i m i n a r y i n d i c a t i o n on 

0 . 0 2 9 

0. 002 

0. 01 

0. 06 

0. 3 

0. 01 

0. 5 

0. 2 

0. 2 

2. 0 

1 . 0 

Iy) 
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226 
Table of Resonances on Ra (continued) 

E o (eV) 

290 .4 

331.7 

346.6 

376.0 

396 .7 

460 .4 

470 .9 

481 .7 

522. 3 

r ° (meV) 
n 

(p r e l im ina ry indicat ion only) 

4 . 0 

2 . 0 

2. 5 

2. 

3 .0 

0 . 5 

0 .4 

0 .2 

1. 5 

691156 

691164 2 5 Resonance P a r a m e t e r s of " Zr and Z r 

A. Brusegan , G .Rohr , T. van der Veen 

Capture and self - indicat ion data have been obtained with an enr iched 
91 

Zr sample in the energy rango from 150 eV to 20 keV using a p i r 
• t C , F , de t ec to r s at n 1.2. ••.. flic;!.: oath. Capture m e a s u r e m e n t s on 

96 h 6 

Zr will be a t tempted :n i 'Wi . 

When completed it is hoped to cor. bine these data with the trar -;xiis-

sion data obtains-, by the CNEN group to evaluate r e sonance p;< r - -

r n e t e r s . 

2 . 6 . Resonance P a r a m e t e r s of Mb 

L. Mcwisscn , F . Poortrr .ans , G. Rohr, T. van d e r Veer;, 

•I. Weigmann, J. Winter 

Lo.v Fiif.-gy Qipture y^hy Spec t r a have been m e a s u r o n vs t:n,<-

of-flight up to 3 keV neutron ene rgy at a 14 m flightpath with i 

Oe( L i ) -de tec to r . This exper iment a i m s at the de te rmina t ion of 

r e sonance spins . The data acquis i t ion sys tem cons i s t s of a O n » -

ra l Automation 1830 sate l l i te compute r linked with the IBM 180 0 



of CBXM (F . COLLING, A. i)j; KEYSER and H.HORSTMANN, P r o c . 

of I F I P , Congress 1 9 7 1 K 

In a p r e l i m i n a r y ana lys i s .-t ins of 50 s - and p-wave r e sonances 

have been evaluated by means of the low leve l population method. 

( K . S . W E T Z E L and G. E. THOMAS, P h y s . R e v . CI (1970), 1501 

and W . P . P O E N I T Z , Z . Physih 197(1966) , 262) . 

The 21 safe spin a s s ignmen t s r e p o r t e d by the Harwel l group 

( T . J . HASTE and B.W.THOMAS, Sec . Int. Syrnp. on Neutron 

Cap tu re Gamma Ray Spec t roscopy Pe t t en , Sept. 2 -6 , 1974) 

a g r e e complete ly with the CBNM r e s u l t s but there m a y be d i s 

a g r e e m e n t for the r e sonances nt 672 eV and 952. 7 eV for which 

only ten ta t ive a s s ignmen t s were made by Harwel l . 

Sca t t e r ing Cross -Sec t ion M e a s u r e m e n t s below 4 keV have been 

s t a r t ed by means of the Mul- p r e s s u r e He scint i l la t ion detect ion 

s y s t e m . 

T r a n s m i s s i o n and capture e x p e r i m e n t s a r e planned for the nea r 

future . 

2 . 7 . Resonance Param.-w ••: rf _Pti 

691 , . ° . . ' . Poo r tmans , G. Ro!u i i . VVeljiimann 

11028 240 
An evaluat ion of the resonance p a r a m e t e r s of Pu hasbeon p r e 
sented at the "Special is t Meeting on Resonance P a r a m e t e r s , of F e r -

2 ' ' -
t i le Nuclei and ' V V' ' :•] it Saclay, May 20-22, 1974. It includes 

240 
a review of the s ta tus of .xpe r iment al data on Pu r e sonance pa -

r . -n ie te r s as well a s some s ta t i s t i ca l t e s t s and recommendation. ' . 

p a r t i c u l a r l y with r e s pec t to average p a r a m e t e r s . 

2 . 8 Gamma Ray Spec.tr-. of Nd 

G. l -ohr , T. van de r Veen, II. W^it;mann, J. Winter 

143 
'I he v - r ay spec t ra m e a s u r e m e n t s •>( Nd in reso lved r e sonances 

v.y *•> !?.<i0 eV neutron energy, has been finished. 

The resonance spin values obtained from the low level population 

method as well as from the <>bse*-v ition of p r i m a r y t rans i t ion to .'. 

tmal tcve ls and the strength oi JM i inary t rans i t ions to one and ' v " 

http://Spec.tr-
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phonon final s ta tes for J = 3 r e sonances h a s been publ ished. 

(G. ROIIR, T. VAN DER VEEN, H.WEIGMANN, J. WINTER, Sec. Int. 

Symp. on Neutron Capture G;..nma Ray Spect roscopy, Pe t ten , Sept. 

2-6, 1974). The r e s u l t s indicate an energy dependence for the an t i -

co r r e l a t i on between s t r eng ths of p r i m a r y t r a n s i t i o n s to one and two 

phonon final s t a t e s . The effect is supported by an obse rved non-

s ta t i s t i ca l energy dependence of the reduced neut ron width for the 

J = 3 r e sonances in the s a m e energy r a n g e . A m o r e deta i led s ta 

t i s t ica l ana lys i s cf the r d is t r ibut ion and a d i s cus s ion of both phe

nomena in t e rms of i n t e rmed ia t e s t r u c t u r e will be published e l s e 

where . 

Table 2. 1 surveys all p r i m a r y t r ans i t ions obse rved in the r e sonances 

under invest igat ion. 

235 
2 . 9 . F i s s ion of U at High Energ ies 

E. Migneco , J . A . W a r t e n a , H. Weigmann 

66104 3 
*? "7 r 

. , A high resolut ion (0.7 nsec m) re la t ive m e a s u r e m e n t of J "U fission 
et a l . on " 

/r, for ene rg ie s up to 200 keV is being analysed for non - s t a t i s t i c a l s t r u c -

r t u r c . F igu re t.\ shows pa rr of the data which have been norma ! i v <"\ to 

W R E N D A •' evaluation of SOWER i-Y et al. (AERE-R 7273). 

]• t The analys is includes Wain and Wolfowitz - tes ts for s t r u c t u r e in ; lu-

fission data in compar i son to s imi l a r data on the total c r o s s section. 

(K. H. ROECKHOFF, A DUFRASNE, G. ROHR and H. WEIGMANN, 

Journ. Nucl. Energy if> <'-r,"'i) 91). It yields posit ive r e s u l t s for 

s t r u c t u r e s in the f ission a o s s - s e c t i o n which might be in terpre ted 

in t e r m s of the secondary minimum of the deformat ion potential . 

2 "*« 
2 .10 . S u b - B a r r i e r F i s s ion of ~""U 

J. A. Wartena, H. Weigmann 

238 
S u b - b a r r i e r fission in U has first been observed by R. BLOCK <•' al 

(Phys. Rev. Lett . 31 (1973) 247), using ionization c h a m b e r s for i'i>sion 

fragment detect ion. In the p resen t m e a s u r e m e n t s a liquid scint i l la tor 

was used to detect p rompt fission neu t rons . Thereby , with a sample 

N'ow Universi ty of Catania (Italy) 
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2 3 8 
o i !'->'<) g r x u , n e u t r o n t i m e - o f - f l i g h t m e a s u r e m e n t s cou ld be 

p e r f o r m e d at a 30 m f î igh tpa th wi th a n o m i n a l r e s o l u t i o n of 1.3 

u s e e m . On the o t h e r h a n d , p r e ; a p t n e u t r o n d e t e c t i o n l ias the 

d i s a d v a n t a g e t h a t the d e t e c t o r h a s a s e n s i t i v i t y for c a p t u r e e v e n t s 

of 10 of i t s t i s s i o n s e n s i t i v i t y . T h e c o r r e s p o n d i n g b a c k g r o u n d 

h a s b e e n m e a s u r e d s e p a r a t e l y by t a k i n g a t i m e -of - f l ighi s p e c t r u m 

u n d e r c o n d i t i o n s i d e n t i c a l to the m a i n r u n , but wi th the p u l s e s h a p e 

d i s c r i m i n a t o r s of the d e t e c t o r s s e t to d e t e c t c a p t u r e . A n o t h e r s o u r c e 
235 

of b a c k g r o u n d is f i s s i o n in 0 . 2 % of U p r e s e n t in the s a m p l e . 
23 5 

A g a i n , t h i s b a c k g r o u n d h a s been m e a s u r e d s e p a r a t e l y wi th a U 

s a m p l e in the b e a m . 
2 3 8 

F i g u r e 2 . 2 s h o w s a t i m e - o f - f l i g h t s p e c t r u m of f i s s i o n in U as 

o b t a i n e d f r o m the p r e s e n t d a t a , w h e r e the two b a c k g r o u n d c o n t r i b u 

t i o n s d i s c u s s e d a b o v e h a v e a l r e a d y b e e n s u b t r a c t e d . T h e r e s u l t of 

the p r e s e n t i n v e s t i g a t i o n i s a full c o n f i r m a t i o n of the f i n d i n g s of 

B L O C K e t a l . ( P h y s . R e v . L e t t . 31 (1973) 247) . T h i s i n c l u d e s a 

c o n f i r m a t i o n , by h igh r e s o l u t i o n d a t a , of the fac t tha t ! he r e s o n a n c e s 

at 7 2 1 . 0 eV and 1210. 7 eV c o n t r i b u t e m o s t s t r o n g l v to the o b s e r v e d 

f i s s i o n in the two s u b - b a r r i e r s t r u c t u r e s a t low n e u t r o n e n e r g i e s . 

T h e i r f i s s i o n w i d t h s a r e found to be (0. 85 j - 0. i 3)rnc \" .- nd ! '< 2 i l f l . 0 

m e V , r e s p e c t i v e l y l a s s i 1 ^ ; : ' ; ^ ~ 23 m c V ) , F o r rriO'-'c o." the of l ier 

. i . onances in t h e s e cwo s t r u c t u r e s only u p p e r l i m i t s Tor the f i s s ion 

w i d t h s a r e o b t a i n e d . A l s o in a g r e e m e n t with -he d a t a of :>T,OCK et 

a l . , b e s i d e s the two s t r u c t u r e s a r o u n d 720 and j 2 i 0 o.V. s o m e f i s s i o n 

is o b s e r v e d a roi;:-:. '.20 eV and 8^0 eV n e u t r o n e n e r g y . H o w e v e r , 

f rom the p r e s e n t elai.a it • :: . p o s s i o l e to a s s i g n the r e s o n a n c e s whic l 

a r e r e s p o n s i b l e for the fis ;;on s t r e n g t h a t t h e s e e n e r g i e s . 

it *• I 2 ', • 

?.. • '. Coup l ing Cond i t i ns in S u b - B a r r i e r F i s s i o n of " Np arid _ '.; 

++ + 
' , . ,- o'er, T . v a n d e r Veen, '.i. V a n p r a e t , H. Weinr/:,:n:-i 

2 37 2 38 

..\< ;.!.ror, r e s o n a n c e c a p t u r e in Np and U h a s been s tud ied at 

r e s o n a n c e s w h i c h show e n h a n c e d f i s s i o n due to coup l ing Le. s t a t e s 

a .- .sociatcd wi th the s e c o n d a r y m i n i m u m of the defoi ma Hon e n e r g y . 

No a n o m a l i t y h a s been found in the g r o s s s h a p e of the v - r a y s p e c t r a 

f rom t h e s e r e s o n a n c e s . F r o m t h i s fact, c o n c l u s i o n s a. r e d r a w n with 

re -per. ; t ( ) the coup l ing condition'-, m ,-uib • ba r r i e r ,''.'.' ion and t h e s e 



have been d i scussed in m o r e detai l el-sewhere (H. WEIGMANN, 

G.ROHR, T. VAN DER VEEN, G. VANPRAET, Sec . Int. Symp. 

on Neutron Capture Gamma Ray Spect roscopy, Pe t ten , Sept. 2 -6 , 

1974). 

2 . 1 2 . F i s s i o n F r a g m e n t Kinet ic Energy and Maris Dis t r ibut ion for 
z2hu 

•if- -if -W-

R. Bar thé lémy, C. Wagemans , H. Weigmann 

A th ree p a r a m e t e r data acquis i t ion sys t em has been built up based 

on a Tr idac ( inter technique) 1 6K m e m o r y sys t em, two Nor the rn 

Scientific 8K ADC's and a home made t i m e - c o d e r . For the fission 

fragment detect ion two l a rge (2000 m m ' ) Ortec s u r f a c e - b a r r i e r d e 

t e c t o r s with the i r appropr ia te e l e c t r o n i c s were used . This appara tus 

allows the detect ion of co r r e l a t ed fission f ragment pu l se -he igh t? ( E . , 

E . ) in a 1 28 x 128 channels ma t r ix , and this for four p r e d e t e r m i n e d 

neutron ene rgy i n t e rva l s . 

The aim of the p r e sen t exper iment is to invest igate the fission f rag

ment kinetic e n e r g y - and m a s s - d i s t r i b u t i o n s for the resonance neu-

t ron induced fission of "~ U. Rel iable resonance spir ,-ilues (j) a r t 

avai lable for this isotope 'mo henrfi it will be poss ible (o look for 

co r r e l a t i ons of J with E (mean total f ission fragment kinetic energy) 

and the s y m m e t r i c - t o - a s y m m e t r i c f ission yield. 

In the recen t ly s t a r t ed m e a s u r e m e n t s E and E were detected for 

four p rede te rmi ; . . T O ,JS •' 7 - 4 r e s o n a n c e s : 7 - 12 cV; 1 5 - 17 cV; 

1 9 - 2 1 eV; 31 - 35 eV. 1,.-.aiar m e a s u r e m e n t s will be pe r fo rmed for 

fuiir 1 = 3 r e sonances . 

NFWO, Ri jksunivers i te i t Gent and SCK-Mol 
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235 
2 . 1 3 . Di rec t g -Determina t ion of U from the Measu remen t of 

low-ene rgy y - r a y s 

F . Corvi , and P . Giacobbe 

23 5 691249 A new method h a s been applied for the de te rmina t ion of y of U. 

691252 In conventional m e a s u r e m e n t s of cap tu re - to - f i s s ion ra t ios , expe-

692 373 r i m e n t a l data usual ly need to be co r r ec t ed for f ission contaminat ion 

714008 in the capture counting r a t e s . This co r r ec t i on cons iderab ly con t r i -

721077 butes to the sys temat i c e r r o r s p r e s e n t in the final data. 

To ove rcome such a difficulty, the new technique of » de te rmina t ion 

cons i s t s of m e a s u r i n g with a Ge(Li ) -de tec tor l o w - e n e r g y v - r a y spec t ra 
235 

emit ted from II, as a function of neutron energy . Complete d i s c r i 

minat ion between capture and f ission events i s thus achieved by the 

ampli tude ana lys i s . It can be shown that a re la t ive value of y can then 

be deduced a s suming that the in tensi ty of a given capture (fission) v -

ray is propor t ional to the ave rage capture (fission) c r o s s - s e c t i o n . 

More specifically, a is taken p ropor t iona l to the ra t io between the 

intensi ty of the 642 keV capture t rans i t ion and the sum of the inten

s i t i e s of the f ission y - r ays at 3 52 keV and 1280 keV. Average y 

values with s ta t i s t ica l e r r o r s l e s s or equal to 4- '•:''• iv.'ii- f! ' t-rnlined 

for 19 in te rva l s covering the neutron energy range 1 V v ' :>!'' !;eY. 

238 
2. 11. p-wave Ass ignment of I! Neutron Resonances 

F. Corvi 

238 In an effort to per form p- ;,ve a s s ignmen t of U neutron r e sonances 

the fraction of capture y r ays above 4 .3 MeV was m e a s u r e d with two 

7'' x 6" N;,I(T1) de tec to r s in the range 10 - 2500 eV. Si-v..-.- ' h.- - - b i 

t r ans i t ions end at leve ls of posi t ive par i ty only, they wiU '••-.'• Ml ><> ' 

wav" and Kl for p-wave r e sonances ; thei r enhancement '.:•••: '.en ::-- ised 

as an indication of p-wave l e v e l s . However, the rm.-thod '.:• r,<->' 1 < <• '' ct-

CN'EN, Bologna. Since 1st September staff m e m b e r of '•. ', >>,MM -Ce--! 

CN10N, Bologna 
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f e c t i v c due to P O R T E R - T H O M A S f l u c t u a t i o n s of t he few t r a n s i t i o n w i d t h s 

a v a i l a b l e , w h i c h m a k e the F.l and Ml i n t e n s i t y d i s t r i b u t i o n s p a r t l y 

o v e r l a p . 

T h e m e a s u r e m e n t s a r e be ing p e r f o r m e d at a 50 m f l i g h t p a t h : one 
-2 . 

r u n w i t h a 3 . 50- 10 a t / b a r n t h i c k s a m p l e w a s c o m p l e t e d a t t h e 

end of Ju ly and the d a t a a r e be ing a n a l y s e d . A s e c o n d r u n on a 

1. 17- 10 a t 7 b a r n s a m p l e i s in p r o g r e s s . A p r e l i m i n a r y a n a l y s i s 

of the f i r s t r u n shows t h a t m o r e t h a n 60 p - w a v e r e s o n a n c e s c a n be 

s e l e c t e d in the r a n g e 10 - 1800 e V . T h e s e a s s i g n m e n t s w i l l be u s e d 

in c o n j u n c t i o n wi th the c a p t u r e d a t a of s e c t i o n 2 . 2. to d e r i v e e s t i m a 

t e s of t he p - w a v e s t r e n g t h func t ion and of t h e a v e r a g e s - w a v e l e v e l 

s p a c i n g D . w o 

2 . 1 5. M e a s u r e m e n t of the R e l a t i v e C o n t r i b u t i o n of D i f f e r en t S p i n s to 

t he N e u t r o n C a p t u r e C r o s s - S e c t i o n . 

C. Coceva '"", P . G i a c o b b e 

A m e t h o d w a s d e v i s e d (C. C O C E V A , 2 I n t e r n a t i o n a l Schoo l on N e u t r o n 

P h y s i c s , A l u s h t a , USSR, A p r i l 2 - 1 9 , 1974 - Dubna D l - 7 ^ ° 1 , pag. 2(>h -

293) for the e x p e r i m e n t a l d e t e r m i n a t i o n of the r e l a t i v " ror . t r ibu* ion of 

r e s o n a n c e s wi th d i f f e ren t sr. n s t o t he t o t a l c a p t u r e r a l e in c n e r g v i n t e r 

v a l s c o n t a i n i n g s e v e r a l r e s o n a n c e s . U n d e r c e r t a i n c o n d i t i o n s the s t r en iMh-

func t ion r a t i o of the t w o sp in s t a t e s of s - w a v e r e s o n a n c e s in an "fid tr< ru*-1 

n u c l e u s can be d e d u c e d f r o m the m e a s u r e m e n t . S u c h a m e t h o d h a s the 

a d v a n t a g e of beii.L; ,'vOic. bl< ;i; •• n c r g y r e g i o n s w h e r e th< " f s m n n c c s 

a r e u n r e s o l v e d , i . e . who r ' ne u s u a l p r o c e d u r e of a s s i g n i n g the s p i n s 

and m e a s u r i n g the p a r a m e t e r s r e s o n a n c e b y r e s o n a n c e canno t lie a p p l i e d . 

T h e m e t h o d i s b a s e d on i n t e n s i t y m e a s u r e m e n t s of p a r t i c u l a r low rgy 

v - r . ' y s of the c a p t u r e c a s c a d e . A s an a p p l i c a t i o n , capt i r e v ra>.- v •-•ira 

of Ho w e r e m e a s u r e d in s i n g l e r e s o n a n c e s up to 400 e V ^»id iu ••••:,vrny 

i n t " r e a l s i n c l u d i n g n a n y u n r e s o l v e d r e s o n a n c e s f r o m 40'i e »' to >. keV 

fn the r e s o l v e d r e g i o n , t h e s p i n s of the r e s o n a n c e s w e r e a s s i g n e d and 

the r e s u l t s of the m e t h o d w e r e c h e c k e d with t h e h e l p of known r e s o n a n 

ce p a r a m e t e r s . F l u c t u a t i o n s a r e o b s e r v e d in the r e l a t i v e c o n t r i b u t i o n s 

of J - 3 and J -• 4 to t h e c a p t u r e c r o s s - s e c t i o n . 
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2 . 16. Sp in A s s i g n m e n t of Bound L e v e l s P o p u l a t e d by (n, v )_ j l e a c t i o n s 

C. C o c e v a ' , P . G i a c o b b e 

C a p t u r e - y - s p e c t r a h a v e b e e n m e a s u r e d wi th n a t u r a l s a m p l e s at 
, , • 9 9 , 1 0 1 , 1 9 1 , 1 9 3 

the r e s o n a n c e s of t h e i s o t o p e s Ru and Ir in t he r e s p . 

y - e n e r g y r a n g e s 390 - 1900 keV and 120 - 600 k e V . T h e m e a s u r e 

m e n t a i m s at d e d u c i n g the sp ins of l o w - l y i n g l e v e l s f r o m a c o m p a 

r i s o n of t h e i r p o p u l a t i o n s for r e s o n a n c e s wi th d i f f e r e n t sp in s 

(C. C O C E V A , P . G I A C O B B E , F . CORVI a n d M. S T E F A N O X , Xuc l . 

P h y s . A 218 (1974) 6 1 - 8 3 ) . D a t a e v a l u a t i o n w i l l b e g i n in 1^7^. 

1 O "> 

2 . 1 7 . P r i m a r y y - r a y S p e c t r a f r o m C a p t u r e in C s R e s o n a n c e s 

C. C o c e v a , M. S t e f a n o n ' ' 

G a m m a r a y s in the r a n g e S - 7 MeV have b e e n m e a s u r e d for •'>(! r e 

s o n a n c e s of C s , s e l e c t e d by t i m e - o f - f l i g h t in t he r a n g e ^ - ° 0 0 eV. 

The o b j e c t s of the m e a s u r e m e n t a r e the e s t i m a t i o n of a v e r a g e v a l u e s 

and f l u c t u a t i o n s of the r e d u c e d F l a n d Ml r a d i a t i v e widl .hs, ,<r,(\ tin- d e -
i •'., i 

t e r m i n a t i o n of sp in a n d p a r i t y of l o w - l y i n g s t a t e s of '.'^ 

A s u b s i d i a r y m e a s u r e m e n t v a s p e r f o r m e d in o r d e r to a s s i g n (he .-pins 

of Cs n e u t r o n r e s o n a n c e s : t i m e - o f - f l i q h t s p e c t r a w e r e r . r a s u r e d of 

the y- ray . : , d e - e x c i t i n g the (3 ) m e t a s t a b l e s t a t e at & _: i7'"> k • '••'. 
e x 

Such y - r a y s w e r e d e t e c t e d wi th a N a l ( T l ) c r y s t a l and s e l e c t e d by t;-!'in. 
a d v a n t a g e of t h e i r ui ^.>/ I'l . ^" ^0 n s e c ) wi th r e s p e c t !•: ' h e c o r r e s -

i a. 
ponding c a p t u r e e v e n t s . D a t a e v a l u a t i o n wil l b e g i n in 197~\ 

?.. 18. G a m m a R a y s f r o m R e s o n a n c e N e u t r o n C a p t u r e ir, 

F . G o r v i , M. S t e fanon 

T h i s w o r k w a s p u b l i s h e d ( F . CORVI and M. S T E F A N O N . X - u T . P h v : 

A 2 3 3 (19 74) 1 85) w i t h t he fo l lowing a b s t r a c t : 
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G a m m a r a y s in the r a n g e 5. 4 - 6 . 7 MeV h a v e b e e n s t u d i e d fo r 3 1 
1 1 5 

s - w a v e n e u t r o n r e s o n a n c e s of In, s e l e c t e d b y t i m e - o f - f l i g h t i n 

t he r a n g e 3 - 430 eV. In a s u b s i d i a r y e x p e r i m e n t , sp in J = 5 h a s 

b e e n a s s i g n e d to 1 7 and J - 4 to 14 r e s o n a n c e s by m e a s u r i n g i n t e n 

s i t y v a r i a t i o n s of s o m e s t r o n g l o w - e n e r g y t r a n s i t i o n s . T h e r e d u c e d 

w i d t h s a v e r a g e d o v e r a l l i n i t i a l s t a t e s of t h e s a m e sp in have b e e n 

e s t i m a t e d for 41 p r i m a r y t r a n s i t i o n s : t h e s e v a l u e s h a v e p r o v i d e d 

i n f o r m a t i o n on the sp in and p a r i t y of t he c o r r e s p o n d i n g In f inal 

s t a t e s . O v e r a l l m e a n v a l u e s of E l a n d Ml r a d i a t i v e s t r e n g t h s h a v e 

b e e n c a l c u l a t e d . T h e wid th d i s t r i b u t i o n h a s b e e n f i t t ed with a y " 

funct ion wi th v = 1. 10 n* n Q d e g r e e s of f r e e d o m for Ml and 

\> - 1 . 4 2 ' l o r E l r a d i a t i o n . An e s t i m a t e of the sp in cu t -o f f 
- U. U8 + 0 g 

p a r a m e t e r T = 3. 6 ' h a s b e e n d e r i v e d . A n o n - s t a t i s t i c a l ci-
* ' - 0 . 4 

feet a l r e a d y e v i d e n c e d in p r e v i o u s m e a s u r e m e n t s h a s b e e n c o n 

f i r m e d , c o n s i s t i n g of a s t r o n g m o d u l a t i o n of the r a d i a t i v e s t r e n g t h 

a g a i n s t r e s o n a n c e e n e r g y , c o r r e l a t e d a l s o wi th the l o c a l n e u t r o n 

s t r e n g t h funct ion . In a d d i t i o n , it h a s now b e e n shown tha t t h i s 

s t r u c t u r e is due to E l r a d i a t i o n o n l v . 

2 . 19. M o n t e c a r l o C a l c u l a t i o n s for the M o d e r a t o r at a ',._, J r. "-c Tar-.-et 

* * ±± ±± 
A . B i g n a m i , C. C o c e v a , R. S i m o n i n i 

T h i s work w a s p u b l i s h e d (A. BIGNAMI, C. C O C E V A and R.SIMON'iKT, 

E U R . S157 .e ( lOTVl -vith ike fo l lowing a b s t r a c t : 

The r e s u l t s a r e r epo r t e» . v ion t eca r lo c a l c u l a t i o n s wh ich w e r e p e r 

f o r m e d to c o m p a r e the c h a r a c t e r i s t i c s of two d i f f e r e n t d i s p o s i t i o n s of 

the m o d e r a t o r n e a r the p u l s e d n e u t r o n t a r g e t of the Gee! l i n e a r a< < 

leratOi. for n e u t r o n t i m e - o f - f l i g h t e x p e r i m e n t s . T h e r e s o l u t i o n fu > ' ion 

i s ob ta ined for the d i s p o s i t i o n e v e n t u a l l y c h o s e n . T h e effc<\ of <liii>- r en t 

f l igh tpa th d i r e c t i o n s on the r e s o l u t i o n i s e v a l u a ' e d . 



*• S T A N D A R D N E U T R O N CROSS S E C T I O N DATA 

A b s t r a c t 

The p r o g r a m m e on s t a n d a r d n e u t r o n c r o s s - s e c t i o n d a t a d e a l s wi th t h e 

m e a s u r e m e n t of t h e c r o s s - s e c t i o n t y p e s a , a ^. <r , ar and 
n , a to t n , v f 

wi th the c a l i b r a t i o n of f a s t n e u t r o n f l u e n c e m o n i t o r s . T h e n e u t r o n m e a 

s u r e m e n t s a r e p e r f o r m e d at the Van de Graaff , t he e l e c t r o n l i n e a r a c 

c e l e r a t o r and the s l o w c h o p p e r f a r i l i t y of the S C K ' s B R - 2 r e a c t o r 

( S t u d i e £ e n t r u m v o o r K e r n e n e r g i e , Mol ) . 

M e a s u r e m e n t s p e r t a i n i n g to the L i (n , a ) c r o s s - s e c t i o n a r e r e v i e w e d 

in s e c t i o n 3 . 1. . T h e e v a l u a t i o n of t o t a l c r o s s - s e c t i o n m e a s u r e m e n t s 

on L i , H and C i s s t a r t e d , the e v a l u a t i o n of e l a s t i c s c a t t e r i n g c r o s s -

s e c t i o n m e a s u r e m e n t s ot L i i s in p r o g r e s s and a d e t e c t o r fo r (n, y ) 

r 6 10 
c r o s s - s e c t i o n r a t i o m e a s u r e m e n t s of L i to B is in t he t e s t p h a s e . 

1 97 
P r e l i m i n a r y r e s u l t s of Au(n, g a m m a ) c r o s s - s e c t i o n d a t a a r e d i s 
c u s s e d in s e c t i o n 3 . 2 . . F i n a l r e s u l t s on a b s o l u t e f i s s i o n c r o s s - s e c t i o n 

241 
d a t a of P u in t h e e n e r g y r a n g e f r o m 0. 01 eV to "0 cV a r e r e p o r t e d 

in s e c t i o n 3 . 3 . a s w e l l a s p r e l i m i n a r y f i s s i o n c r o s s - s e c t i o n da ta of 
23 5 2 3 3 

U up to 30 k e V . T h e r u n n i n g e x p e r i m e n t on f i s s i o n of " U in the 

t h e r m a l e n e r g y r a n g e is b r i e f l y d e s c r i b e d in s e c t i o n ^ ."- . The CI'A'M 

c o n t r i b u t i o n to the i n t e r n a t i o n a l i n t e r c o m p a r i s o n of >'Utror. ii u nee 

d e t e c t o r s i s g iven in s e c t i o n . t . . 

3. 1. M e a s u r e m e n t s P e r t a i n i n g lo the L i ( n , a ) C r o s s - S e c t i o n 

6 7 
</>] 009 To ta l N e u t e r , ; > . s '-'c-t.ion M e a s u r e m e n t s on L i , I . ' i r b o n 

et a l on and H y d r o g e n beuvv.• .. . i . i 2 MeV. 

p a g e 2 of K H i BOckhoff, A. D u f r a s n e 

W P E N D A 
An e x p e r i m e n t h a s b e e n c a r r i e d out a t the L i n a c wi th 0-.c .>hivc!iv: 

l i s t 
cf o b t a i n i n g a n a c c u r a t e v a l u e of the t o t a l c r o s s - s e c t i c r >->f U in 

in e n e r g y r a n g e c o m p r i s i n g the r e s o n a n c e n e a r 250 keV "W.- <•:•• 

pv. r i m e n t c-.-r 'slsted of s i m u l t a n e o u s t r a n s m i s s i o n m e a - - n e n t s on 
o 

L i , L ' <>r>:. a r b o n s a m p l e s . T h e m e a s u r e d c r o s s - s e c t i o n da ta on 
7 7 < 

L i w e r e u s e d to c o r r e c t for the L i c o n t r i b u t i o n of tbr e n r i c h e d Li 

s a m p l e s . The d a t a on c a r b o n s e r v e d to c o n t r o l the v a l i d i t y of tr ' ' l . i 

and Li d a t a . F i n a l l y the v a l i d i t y of the c a r b o n d a t a w e r e c h e c k e d by 

m e a n s of a d e t e r m i n a t i o n of the to t a l c r o s s - s e c t i o n of h y d r o g e n r e -
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s u i t i n g f r o m a s i m u l t a n e o u s t r a n s m i s s i o n m e a s u r e m e n t on a h e x a n e 

( C , H ) and a c a r b o n s a m p l e . In to t a l t h r e e L i , t h r e e L i , two 
o 14 

h e x a n e and t w o c a r b o n s a m p l e s h a v e b e e n m a d e . D a t a e v a l u a t i o n i s 

in p r o g r e s s . 

T r a n s m i s s i o n M e a s u r e m e n t s o n L i w i th t h e M o n o e n e r g e t i c B e a m 

T e c h n i q u e b e t w e e n 0 . 1 - 2 . 4 MeV. 

H. - H . K n i t t e r , M . M a i l l y 

T o t a l c r o s s - s e c t i o n m e a s u r e m e n t s h a v e b e e n p e r f o r m e d a l s o in 

t h e e n e r g y r a n g e 0. 1 to 2 . 4 MeV o n L i u s ing the Van do Graaff . 

C o r r e c t i o n s for t he i n s c a t t e r i n g effect and the i s o t o p i c con ten t of 

L i in the s a m p l e w e r e c a l c u l a t e d and a p p l i e d to the r a w d a t a . 

The t o t a l c r o s s - s e c t i o n v a l u e s a r e p lo t t ed in f i g u r e 3. 1 v e r s u s 

t h e i n c i d e n t n e u t r o n e n e r g y . A p r e l i m i n a r y r e p r e s e n t a t i o n of the 

t o t a l c r o s s - s e c t i o n in t e r m s of R - m a t r i x t h e o r y w a s m a d e . F r o m 

t h e o b t a i n e d p a r a m e t e r s a l s o t h e n-n/ c r o s s - s e c t i o n v a s c a l c u l a t e d . 

T h e v a l u e a t i ts m a x i m u m in t h e p r o m i n e n t 5 2 r e s o n a n c e c a m e 

out to be h i g h e r t h a n the f r e q u e n t l y a c c e p t e d v a l u e of 3. 0 b. The 

a n a l y s i s wil l be f i n a l i s e d , w h e n the e l a s t i c n e u t r o n s c a t t e r i n g data 

d e s c r i b e d be low a r e a v a i l a b l e 

D i f f e r e n t i a l N e u t r o n S c a t t e r i n g C r o s s - S e c t i o n M e a s u r e m e n t s on 

6 L i b e t w e e n 0 .2 5 a n d 3._0 MeV_ 

H. -H . K n i t t e r , R Vogt 

T h e m e a s u r e m e n t s of the n e u t r o n d i f f e r e n t i a l e l a s t i c s ca t t e r ing : 

c r o s s - s e c t i o n s of L i h a v e b e e n s t a r t e d at the Var ne ,raa: ' : 

a c c e l e r a t o r . A n g u l a r d i s t r i b u t i o n s at inc irien' n e u t r o n c i v r p i t ^ 

->:' ".•((), 0 . 4 5 , 0 . 5 0 , 0 . 5 5 , O.Ao, n. f,=,, 0 . 7 0 , n. 7S o.«.o. o.R-, 

H. "0 and O.0S MeV h a v e been m e a s u r e d but not yet <•-••'ua t eri. 

A--. - 'teirMit wil l be m a d e to c o n t i n u e t h e s e m ea su r e m "fis down 

to 0. 2 5 MeV. 
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M e a s u r e m e n t s of the L i to B(n,o? ) C r o s s - S e c t i o n Ratio 

C. Bast ian, G. Le Dez, E. Wat tecamps 

The smooth shape of the Li(n,c*)T c r o s s - s e c t i o n , its s ize , the 

absence of s izeable competing r e a c t i o n s and the u s e of L i in 

g l a s s - s c i n t i l l a t o r s m a k e s this r eac t ion bes t sui ted as a secondary 

s tandard . Unfortunately, the m e a s u r e d c r o s s - s e c t i o n data do not 

converge sa t i s fac to r i ly , even on the peak va lue of the resonance 

around 250 keV. A m e a s u r e m e n t of the (n, a ) c r o s s - sect ion ra t io 
A 10 

01 Li to B from 100 eV to poss ib ly 1 MeV, using the Xe-gas 

scint i l la t ion technique i s being p r e p a r e d . T e s t s of the e lec t ronic 

equipment and opera t ion of a Xe -gas purif icat ion system a r e in 
10 6 

p r o g r e s s now. F o r e s e e n as samples a r e thin f i lms of B and Li 

deposited on the inner sur faces of thin quar tz cyl indr ical shells 

of 8.0 cm rad ius and 10.0 cm length. The neutron beam is p e r 

pendicular to the axis of the cyl inder . Two U. V. photomul t ip l ie rs 

on the flat faces of the cy l inde r s detect in coincidence the sc in t i l 

la t ions produced by the reac t ion products escaping inwards from 

the cyl indr ical sample . This g e o m e t r y a l lows the use of thin la rge 

a r ea samples and reduces the influence of the anisotropy of the 

L i (n rv )T reac t ion . A turnable sample changer , nov ir. the late 

design phase , will br ing the sample in posi t ion be tveen the viev.-inc 

por ts and ro ta te it t h e r e slowly around i ts own a?:is in r.rtlcr to c o m 

pensate for non uni formi t ies in the dens i ty of the deposit . On com-
f, ! 0 

mand, the sample will be changed in o r d e r to i r r ad i a t e Li and II 

under the same conditions. e. without changing the Xcron filling 

of the sample changer . The Xenon gas will be c i rcula ted continuously-

over a Ti tanium oven to d i sca rd quenching i m p u r i t i e s . 
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3.2. Determination of Au(n,v ) Cross-Sections in the 0. 1 to 

3. 0 MeV Region. 

A.Paulsen, H. Liskien, R.Widera, F. Arnotte 
107 

682041 Measurements of the ' Au(n, v) cross-sections to an accuracy o!' 

692317 about _+ 5% by means of the activation technique are in progress at 

701025 the 3.7 MV Van de Graaff accelerator. These measurements in the 

721073 0.1 to 3.0 MeV neutron energy region aim at resolving discrepan

cies between existing data in the 0. 3 to 1. S Mev energy region ana 

to provide more information above 2 MeV where presently little 

exists. The discrepancies amount up to 20% and the results from 

direct detection techniques seem to be systematically lover than 

those from activation measurements. Irradiations at .iHO, 300. i00, 

500, 625, 737, 87 5 and 89 5 keV relative to the H^n, n • c ro?-s-section 

by means of a proton recoil proportional counter are finished. A mi

nimum of four runs were made at each energy. It was no! possible 

to get reliable and reproducible results below 2--0 K.-'". Wl!<n ap

proaching the threshold of the nevitron source rcrc'Ion ' ; : : this case 

Li(p, n)) from above by decreasing the incident pro'or. < \-.--rz" the 

relative neutron energy difference between 0"' sn'l Î >'•••'• < -v. j :• .-;or-

direction is strongly increasing. Consequently .-<•-•. \ r • r.i i.tr-v:? 

become increasingly effect iv-- n distorting the capm.-' n:e.i sui < -r x-nts. 

The preliminary results are i reasonable agrern.en- v. ith the . xisfinu 

data but are again systematically higher than rcc-n'. riirv. t ie« -ctior: 

results from LF, RIGOL.EUR (Cadarache, 1973V T>e i.-> •„•>.< ion amounts 

up to I 5% at 400 keV. Exceiler.t agreement v/a<- K;:j;i.i . ; 'I'.'s key v ith 

the result of ROBERTSON et al. (NPL, 1969) at 964 k-V A m.vr- de

tailed discussion can only be given when all mrnsur•••ment - o.-.M flat a 

< valuations are finished. Measurements between 1. 0 ,.c<\ I. .'.-'• Vie* 

have been carried out but had to be confirmed by i-en.e-isurr ment vit h 

new accelerator targets. These measurements and ne»- ••-, i n i - <• 

energy range from 2.25to 3.0 MeV are in progrès». 

file:///-.--rz


3 . 3 . M e a s u r e m e n t s Pe r t a in ing to Absolute F i s s i o n C r o s s -Sect ion Data 

682072 M e a s u r e m e n t s and Normal iza t ion of the Neutron Induced F i s s ion C r o s s -

691328 

691821 

241 
Section of Pu in the Energy Region from 0. 01 eY to ^0 eV. 

R. Bar thé lémy , G . L e Dez, C . W a g e m a n s 

These m e a s u r e m e n t s complete a s e r i e s of expe r imen t s and eva lua 

t ions by DERUYTTER and WAGEMANS (Journ . of Mucl. En. 2") (1971) 

263; 26 (1972) 293 and Nucl. Sci . & Engn. 54 (197!) 42 V) on the l o v 

ene rgy neut ron induced fission c r o s s - s e c t i o n s of the tour romn-on 

f i ss i le i so topes and of the i r n o r m a l i z a t i o n s . All the n-.rasu foments 

were pe r fo rmed at the same 8 m flightpath usine, th»- s .nrc basic 

a p p a r a t u s . The fission c r o s s - s e c t i o n was obtained \ i-i '-. d i rec t com

pa r i son of the f ission r a t e and the B(n ,ûr ) - ra te d-.-t'.-c* <d with f . i r -
?. tl 

face b a r r i e r d e t e c t o r s placed on both s ides of a ><^ck-to-!>ack Pu-

B foil. The background - which was v e r y low - va:-- d<terrnirud with 

the black resonance technique. The measuremen?> :,r:> fii.ishi.-d /.nd 

ana lysed . The re la t ive fission c r o s s - s e c t i o n curve obV-ined w;< ? n o r 

ma l i zed at 0.0253 eV to r (2200 m ' s ) = 1019 ± 8 I. ••. the valu.- r e 

commended in "The 3rd IAEA rev iew of the 2200 rv r,ni\ 20 C Max-
2 3 3, 23 5 23° 241 

wcll ian neutron data for U and Pa ' \-.' >,• ..i.\i!.! <i -.! , 

to be published). Severa l fi^rion and r e sonance in?ci;r-.is "'.re C i c u l 

ted from the so no rma l i zed rt( - cu rve and compared •:•.'•)• ;>ihcr rc?i:\<*. 

A sui table fission in tegra l i s p roposed for fur ther : i o r n : ! : .-tien pur 

poses : 20. 0 eV 

12.0 eV 
r, . (E)dE " a 366 + 13) h. eV 

6M04 3 

et al or. 

page 68 

and 69 <i 

WRENDA 

l i s t 

Measurement and Normal iza t ion of the Neutron In<i"c.ed :-fioi . -s-

Section of U in the Energy Region 5 eV - 30 keV. 

N. Bar thé lémy, G . L e Dez, C . W a g e m a n s 

These m e a s u r e m e n t s a r e the logica l extention toward • Ir.ghor T.< r-

gies of the previous ly published absolu te f ission cro*.<•>- s.-cfion m e a 

s u r e m e n t s at 2200 m / s (DERUYTTER et al. Journ . ^ i c ! . b'n , 2 7 

(1973) 645), and of the m e a s u r e m e n t s in the energy region 0. 0! *V -

20 eV. The l a t t e r were normal ized to the first (PENT YT'I >'•'" ••••<• 

WAGEMANS, .lourn. Nucl. En. . //••• (\«7l) :63). '?},< aim of the p r e -
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sent experiment was to obtain accurate fission integrals in the high 

energy region carefully normalized to the previous-!' mentioned re

sults. The measurements were performed at a ?rt PI fligatpath of 

the Linac under similar conditions as the above mentioned exoeri-

ment i . e . the fission rate and the neutron spec*r:nT, " " r e measurc : 

simultaneously with surface barr ier detectors on • ich sine of a baci--

to-back U and B layer. The measurements a~e "ov finished and 

are being analysed. Absolute fission cross-section daia from thermal 

up to 30 keV will be available soon. Integration of the.-f.a l.v t •.;. veil 

defined parts of this energy range yields accurate normalization in

tegrals. These integrals might be used for renom ."-H avion and re

duction of discrepancies between published data. 

? . . .• 

The Determination of the Fission Cross-Section of " U from 0. 002 

621035 to 0. 1 S eV and its Reference Value at 2200 m ; ' s . 

7. B nil m ans, R. Buyl, F. Watte camp s 621036 

692342 

!' a arm»! 

To fulfil requests of WRF.NDA 74 and on request of tl-< ":AEA accurate 
2 3 3 .••'• 

fission cross-section measurements of U and ' a :aa ;!;-• thermal 

energy range and the reference value at 2200 m a v'il '-<• performed. 

The chopper facility has been brought into opération ara' - . rnra.-u-

rements of U are in progress . Apart irom '!i 'a -i \ v. -:>•:. \ : • -.--,! aia^ 

in the data acquisition system the measuring pro.-..-],IT i? :d.a.a icai 

to the already we ii ' 'ascribed technique used in forma - a .-:•-si-.re-.r.ont s 

(A. DERUYTTER et al. , J. Nucl. En. 27(1973)61^!. Tlv 

are available now with an absolute composition r-alviaa on tia j ' 

half-lives value measurements of VAKINBROUKX J .'•'• •>• .< o '•'-.. \ . 

this report). A sample changer based on the Gr-ncv . v. :•(•:.i arinc 

is used. Two boron standard layers and two iisr;:r:n : nrr-.- an 

brought alterntively into the neutron beam. The r<:vcr«'< lit' 

the sample detector distance was measured to br v.-1 "a ; ; •?. ; ) 

The flightpath was measured to a relative uncerta\ni\r am 

the long range stability of the electronic equiprr'mi ;• - , , i ; fai ,a-

file:///ni/r
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3 . 4 . Par t i c ipa t ion in the In ternat ional F a s t Neutron Fluence I n t e r -

compar i son organ ised by DIPM. 

H. Liskien, A . P a u l s e n , R . W i d e r a 

Most published c r o s s - s e c t i o n s depend on a single method of flux 

m e a s u r e m e n t s , and it is l ike ly that some of the d i s c r e p a n c i e s 

between different groups r e su l t from an unde res t ima t ion of the e r r o r 

in flux. Therefore the EANDC symposium on "Neutron S tandards 

and Flux Normal iza t ion" in 1970 endorsed a p roposa l of the CCKMRI 

Section III commit tee of BIPM (Bureau Internat ional des Poids et 

Mesures ) to c a r r y out an i n t e r c o m p a r i s o n of flux m e a s u r e m e n t s 

with t r ans fe r i n s t rumen t s in well c h a r a c t e r i s e d neutron fields at 

s eve ra l l a b o r a t o r i e s . This c o m p a r i s o n involves the ca l ibra t ion 

of " t rans fe r i n s t r u m e n t s " by the par t ic ipa t ing l abo ra to r i e s at s p e 

cific ene rg i e s . Together with four other l a b o r a t o r i e s I'NRC Ottawa, 

BIPM P a r i s , CEN Cadarache and NPL Teddington) directly- r e p r e 

sented in the BIPM-CCEMRI-commi t t ee , CBNM par t i c ipa ted in the 

f i rs t round, which is p r i m a r i l y intended to gain exper ience in t r a n s -

fering i n s t r u m e n t s . At the CBNM the following r e s u l t s w e r e obtained: 

Neutron energy Trans fe r Sensi t ivi ty CBIVM 
(MeV) ins t rumen t (counts, ' 'n/sr) method 

+ ) 

0.250 + 0.014 Bonner sphe re (5. 51+_0. 21 )l 0" h p rop , counter 

580 T o r r F'< ., 

20 T o r r CI! 
_L • 

2.200^0.074 Bonner sphe re (7. 6l_+0. 27)1 0 recoil, t e lescope 

2.500 + 0.079 Bonner sphere (7 .15+0.24)10" recoil te lescope 

2.500+0.106 Bonner sphe re (6. 90+_0. 25)1 0" ' prop, c o i n t f -

1200 T O T <.".'• \ 

i 4 . 8 0 _ + 0 . 29 U f i s s i o n ( 6 . 5 0 + 0 , 2 5 ) 1 0 . r e c o i l ! < l e t a . u p e 

c h a m b e r 

Results from all five l a b o r a t o r i e s having par t ic ipa ted were d iscussed 

recent ly in P a r i s and final evaluation is underway. 

Comité Consultatif pour les Etalons do Mesures des Rayonnement: 

Tonisants 
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A copy of a 'd i rec t ional counter 1 (NIM 88 (1970) 1) has been rece ived 

from CEN Cadarache and m a d e opera t iona l a t the Van de Graaf: l a 

b o r a t o r y . I ts efficiency has been es tab l i shed at Cadarache but v.ill 

a l so be de te rmined at Geel yielding addi t ional informat ion about the 

re l i ab i l i ty of the developed flux m e a s u r i n g dev ices at Geel and Ca

d a r a c h e . 



- 31 -

4. NON-NEUTRON NUCLEAR AND ATOMIC DATA 

Abs t r ac t 

M e a s u r e m e n t s of non-neut ron nuclear and a s soc i a t ed a tomic 

data, in which in terna t ional commi t t ees , l ike INDC, seem 

to be m o r e and m o r e in t e res t ed , have been pe r fo rmed at 

CBNM mos t ly by the Radionuclides Group . Rel iable values 

can only be obtained, if many independent methods of 

m e a s u r e m e n t a r e employed and contineously improved . A 

pa r t of the effort is devoted in this field. 

A new value of the ha l f - l i fe of ? ' 3 3U of (1 . 5925 + 0. 0040)- 10^ y 

is now avai lable that is in good a g r e e m e n t with a recent ly 

published resu l t m e a s u r e d a t ANL at Argonne . 

Decay p a r a m e t e r s of var ious rad ionucl ides have been de termined , 

as e . g . those of In, which a r e impor tan t in r e a c t o r dos imet ry . 

A survey on "Orbi ta l Elec t ron Capture by the Nuc leus" and an 

updated edition of the r e p o r t on "Isotope Abund^nc-.-:- and Atomic 

Weights of the E l e m e n t s " have been p r e p a r e d , 

4 . 1 . Nuclear Data 

Compilation of the Half-l ives of Actinides 

R. Vaninbroukx 

An accura te knowledge of the ha l f - l ives of the ac t in ides if 

of par t icu lar i n t e r e s t for seve ra l nuc lear app l i ca t ion? . Oft^n 

the spread of the published values is many t imes l a r g e r than 

that expected from the a c c u r a c i e s c la imed . The re fo re a com 

pilation of the r epo r t ed half- l ives of the m o s t used long-lived 

act inides has been m a d e . (R. VANINBROUKX, EUR r- . 94«-

(1974), The half-lives of some long-l ived ac t i n ides ; A compilat ion) . 

"Res t " values and l im i t s of uncer ta in t ies were proposed; t iny 

a r e Riven in Table 4 . 1 , 
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Table 4 . I: P roposed half- l i fe values 

Nuclide 

2 3 2u 
2 3 3u 
234 
" U 
2 3 5u 
2 3 6u 
2 3 8u 
2 3 8 P u 
2 3 9 P u 
24°Pu 
2 4 1 Pu 
2 4 2 P u 
2 4 4 P u 

A m 
2 5 2 c f 

Half-l ife 

(72 + 2)y 

(1 . 592 + 0 .003)10 5 v 

(2.446 + 0. 007)1 05y 

(7.038 + 0. 020)1 08y 

(2.34 + 0 . 2 0 ) l 0 ? y 

(4.468 H- 0. 010 ) l0 ' y J 

(87.8 + 0.8)y 

(2.430 + 0. 025)1 0"y 

(6. 55 + 0 . 0 7 ) 1 0 \ 

(14.5 + 0.5)y 

(3.87 + 0 .05 )10% 

(8.2 + 0. 1)10 ' y 

(432 + 4)y 

(2.64 + 0. 02)y 

The a im of the compilat ion was a l so to shov/ v h c r o further 

a c c u r a t e m e a s u r e m e n t s a r e n e c e s s a r y in o rde r to résolve 

exist ing d i s c r e p a n c i e s . 

233 
Dete rmina t ion of the Half-Life of U 

J. Broo thae r t s , P . De Bievre , P>. Denecke, M. Gail.;t, G. G r o s s e , 

Y. Le Duigou, W. Le ider t , R. Vaninoroukx, V. Verriing and 

W. Zehner 

The de t e rmina t ion of the half-l ife of 233 U has been complete 

(R. VANINBROUKX, P . DE BIEVRE, Y. LE DUIGOU, A. 3PERNOL, 

W. VAN DER EIJK, and V. VERDINGH, The half-life of 23: 
u, 

to be published). The method i s based on the m e a s u r e m e n t of 
233 

the specific act ivi ty of U s a m p l e s by 0,-ray counting techniques, 

and on the de te rmina t ion of thei r u ran ium content. The samples 

were p r e p a r e d from two different enr iched m a t e r i a l (99.76% " U 
233 

and 99 .999% U, respec t ive ly) e i ther by quant i ta t ive dissolut ion 
and d rop deposi t ion (DD) or by e l ec t rosp ray inn (ES). The ac t iv i ty 



w a s d e t e r m i n e d by t h r e e w i d e l v d i f f e r e n t m e t h o d s : 

(1) c o u n t i n g of OL r a y s in a de f ined low g e o m e t r v so l id a n g l e 

(2) c o u n t i n g of CX r a y s by l i qu id s c i n t i l l a t i o n (LSI, and 

(3) c o u n t i n g of 0. r a y s in a 4 " g a s - f i l l e d propor t ion; - . ! coun te 

T h e u r a n i u m c o n t e n t of the s a m p l e s w a s d e t e r m i n e r ! bv two 

i n d e p e n d e n t m e t h o d s : m a s s s p e c t r o m e t r i c i s o t o n i c d i l u t i o n ! : 

a n d c o n t r o l l e d p o t e n t i a l c o u l o m e t r y ( C P C ) . The r e s u l t s of t1 

d i f f e r e n t s e r i e s of m e a s u r e m e n t s p e r f o r m e d s i n e - l l)60 ar< 

g iven in T a b l e 4 . 2 . T h e s e r e s u l t show the i m p r o v e m e n t of >..>K\ 

n i e t h o d s d u r i n g the l a s t y e a r s . 

i I .G) : 

• \ " ) . 

\ i ) 

S e r i e s 

1 

2 

3 

4 

0 

6 
7 

8 

9 

Y e a r of 
m e a s u r e m . 

1 9 6 9 

1 9 6 9 

1 9 7 2 

1 9 7 3 

1 9 7 ' , 

1 9 7 4 

1 9 7 4 

1 9 7 4 

1 9 7 4 

T a b l e 4 . 2. H a L -

S a m p l e p r e p . 
t e c h n i q u e 

D D 

D D 

D D 

D D 

DD 

ES 

F S 

ES 

E S 

-> i, -i 

l i f e of ' " ' 3 U 

U - d e t e r m . 
m e t h o d 

[D C P C 

I D . CPC 

I D , C P C 

ID, C P C 

I D , C P C 

ID 

I D 

ID . C P C 

ID, C P C 

, r , i v . 
d e t e r m i M , 

L G , I..S. 4 'T 

L G . L S . • ! -

I . G . L S , 4 " 

I ,S 

i . e . ;.'-:. -:~ 

LG 

i .G 

L G . LS 

L G , LS 

" U h a ï : 
in \0 \ -

-
\ - v ; . n . 

l . : : S V . ; i . . 

1 . '-,OÛ ; : 0 , 

' .1 1 1 

1 : • i • •• 

" • 

- : : 

i 
, , . - • i 

, . •• 1 

: c,~ 

U v/a s d o1 < 

1 2 
2 3 3 U ) = ( 1 . 5925 + 0 . 0 0 4 0 ) 1 0 ' y . 

23 3 
T h e final v a l u e for fhe ha l f - l i f e of 

T h e q u o t e d u n c e r t a i n t y i s t h e o v e r a l l u n c e r t a i n t y < 

c o n f i d e n c e l e v e l , t a k i n g in to a c c o u n t s t a t i s t i c a l . r, 

, t n r' ft y t '\ i n t i .» C 

<V\ 

239 
D e t e r m i n a t i o n of t he H a l f - L i f e of Pu 

G. G r o s s e , W. Oldenhof and R . V a n i n b r o u k x 

2 3 '' 
M e a s u r e m e n t s to d e t e r m i n e the h a l f - l i b - of J'u I.IVI-

s t a r t e r ! u s i n g s i m i l a r m e t h o d s as t h o s e d e s i Kbc-i - bove 
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In preliminary experiments the stability of the plutonium 

solutions in the organic scintillators was tested. It transpired 

that mixtures of aqueous sol. (50 u çPu 'ml 5_N_Ii>.'0^) and the organic 

scintillators (Dioxane + PPCHnaphthalene + TOPO), which have been 

successfully used in the liquid scintillation measurements 

with uranium solutions, were completely unstable. V was 

found eventually that a good long term stability could be 

obtained when 100 fig zirconium (in the form of its nitrate). 

per ml plutonium solution was added. In Table 4. ' rhr s'-b: !uv 

of two samples over a period of two months is shown. For 

each sample 25 measurements v/nrc taken. 

Table 4 . 3 . Long term stability of Pu-measurement s 

by liquid scintillation 

Sample 

1 

2 

Reproducibility 
Stand, dev. ' n'\ 

0. 03 

o. ni 

Stability: slope of the oi.>sr>rved j 
activity in r•< p e r m o n t h j 

( + 0 .0S -f 0.0?. > ' 

( + 0 . 0 2 * n ••• •-'• • 

95 Zr Hal/-rjf< Determination of the 

H. H. Hansen 

95 95 
The decay of three Zr+ Nb sources has been n> 

. o^ 
a Ge(Li) detector for periods of about three ' Zr 

Sources were made h\~ ' ,,-ositing a droplet of the rad.o-cti v 

solution onto gold coated VYNS foils and by erica p< u! • i inr Un 

radioactive material in a small Al container. On<- n* *•-.<•• so,-. 

has been measured under two different geometric?! .-n'iti :, 

The activities of the sources were about 50 |aCi v t'r.< '•>•••.< 

of the experiments. The spectra were treated by r ' *-~it'-

summation for both the 724 and the 756 keV v-ray (,< at: : witce 

fixed energy limits. The individual results show no s ;rr i fir;ii!i 

dependence on the type of the radioactive source, :>>• the p 

conditions or on the different V-ray peaks being tr< iter. Tie-
95 

preliminary result is T /_( Zr) - 64. Od. The measurements 



b r o u k x 

wi l l be c o n t i n u e d . 

, _̂  _ . _ . 115 m T 

M e a s u r e m e n t of D e c a y S c h e m e D a t a of In 

E . Dc R o o s t , I I . H . H a n s e n , W. van d e r Ei jk MKI II, V n n i n b 

T h e d e c a y of In h a s b e e n i n v e s t i g a t e d u s i n g a c c u r a t e 

c o u n t i n g m e t h o d s . ( H . H . H A N S E N , E . DE R O O S T , W. VAN DER E I J K , 

a n d R. VANINBROUKX, Z . P h y s i k 2_6_9, 155 (1°74) , T h e d e c a y 
. 1 1 5 m r . . 

of In). T h e e m i s s i o n r a t e of c o n v e r s i o n e l e c t r o n s p l u s 

? p a r t i c l e s was d e t e r m i n e d wi th a 4TTB p r o p o r t i o n a l flow c o u n t e r . 

T h e t o t a l a n d K - s h e l l i n t e r n a l c o n v e r s i o n c o e f f i c i e n t s of the 
115 

336 keV v - r a y in In w e r e m e a s u r e d bv the : CM?'- • • - s ion 

e l e c t r o n ) ( x - r a y ) c o i n c i d e n c e m e t h o d u s i n g c o m b i n a t i o n s of a 

Si -surface b a r r i e r wi th a N a l ( T l ) d e t e c t o r and r>f a m a g n e t i c 

0 - s p e c t r o m e t e r wi th a high e n e r g y r e s o l u t i o n S i ' L i ) d e t e c t o r , 

r e s p e c t i v e l y . T h e c o n v e r s i o n r a t i o R = K/(L-)M- ' , . , ) w a s r e d u c e d 

from, e l e c t r o n s p e c t r a r e c o r d e d wi th the m a g n e t i c ~ - s p e c t r o m e t e r . 

T h e 336 keV y r a y e m i s s i o n r a t e of a l l s o u r c e s u sed w a s 

d e t e r m i n e d wi th a c a l i b r a t e d N a l ( T l ) v - r a y s p e c t r o m e t e r . A Ge( I . i ) 

d e t e c t o r h a s b e e n u s e d to d e t e r m i n e the r e l - t e •;•.* -r-sitv c: the 
115 

497 k e V v - r a y in Sn. I ' r o m the r e s u l t s the ; c : , -. - has been 

d e d u c e d : the 336 keV v - r a v e m i s s i o n p e r decr i ' >•' ~. ') ' 0. i ) , 

the to t a l i n t e r n a l c o n v e r s i o n coe f f i c i en t ( 1 . 073 ' (' . 0 ! •; -, tie- K - s h e i ! 

i n t e r n a l c o n v e r s i o n coe f f i c i en t ( 0 . 8 4 3 + 0 . 0 1 2 ) , .he < or.\ , - rs i n r a t i o 

( 3 . 63-t 0. 07), the P - t r a n s i t i o n p e r d e c a y going to the. E r o u n d s t a t e 

( 5 . 0 J 0 . 7 ) % and to the f i r s t e x c i t e d l e v e l in l ! Sr. ('•). 0-17 • 0. 00? V , 

a n d the 497 k e V v - r a y e m i s s i o n (0 .103^0 .001) ' " - , . F r a m \\u-

o b t a i n e d i n t e r n a l c o n v e r s i o n d a t a it fo l lows that th> ' ?-'< ia-V v--,-e\-

t r a n s i t i o n is of M4 c h a r a c t e r w i th an E5 a d m i x t u r e of 'es- -

( 5. 5 i 1 . r>, ! he h a l f - l i f e of t he i s o m e r i c s t a t e le ha: ! -'-a 

dc tc ' -m v -.-•' » four d i f f e r e n t m e t h o d s . The r e s u l t s -i. •)>- -a • 0. on.) ih . 

M e a s u r e m e n t of I n t e r n a l C o n v e r s i o n Data of the 16 ' e \ r v - n v 

H . H . H a n s e n and D. M o u c h e l 

T h e i n t e r n a l c o n v e r s i o n of the 165 keV v - r a y t r a n s i lion m the 
139 

d e c a y of C e h a s b e e n r e i n v e s t i g a t e d . The e m i s s i o n r a t e <>| 

39, 



if. 

K-shc l l in ternal convers ion e lec t rons was determiner! with 

a (K conversion e lec t ron)- (K x - r ay ) - (K x - r a y ) t r i p l e coincidence 

m e a s u r e m e n t using a magne t i c B-spec t romete r and two Si(Li) 

de tec to r s of high energy reso lu t ion . F u r t h e r m o r e , convers ion 

e lec t ron ra t ios w e r e obtained from e lec t ron spec t r a r e c o r d e d 

a s a function of m o m e n t u m . The Y-ray decay r a t e of the used 

sou rces has been taken from m e a s u r e m e n t s with a ca l ib ra ted 

Nal(Tl) Y-ray s p e c t r o m e t e r . The following p r e l i m i n a r y r e su l t s 

have been deduced: a =0.215, a=0.252, K/ (L+M- . . . )^5. 85, 

K/'L = 7.46, and L /M+. . . =3. 65. E r r o r s of about + 2 "•> have to 

be a s s u m e d for the in te rna l convers ion coefficients en t i re ly 

due to the low t r ip le coincidence r a t e . The e r r o r s on the 

convers ion r a t i o s a r e between iZ and + 5"%, mos t ly due to 

graphical spec t rum t r e a t m e n t and extrapolat ion. 

Review on Orbital Elec t ron Capture by the Nucleus 

W. Bambynek 

A review on "Orbi ta l E lec t ron Capture by the N u c l e u s " has 

been p repa red in col laborat ion with Amer ican , i ' ' - ! i s ! i ;\r.<\ 

German s c i e n t i s t s . The su rvey cove r s the following subiects ; 

i.Tectron capture theory; exper imenta l methods to m e a s u r e 

L -cap tu re to K-cap tu re r a t i o s , M-cap tu re to I., - c a p t u r e ra t ios , 

and e lec t ron cap tu re to posi t ron emiss ion r a t i o s ; c r i t i ca l • -.aluation 

of the exper imenta l r e s u l t s and compar i son with those predicted 

from theory; theory and exper imenta l verif icat ion of radiat ive 

e lect ron cap tu re ; a tomic t r ans i t ions accompanying nuc lear el eel r< •;•: 

cap ture . The second draft is nearly finished. It is planned to 

have the review published in 1975. 

Evaluation of Decay Scheme Data 

W. Bambynek, H .H . Hansen, T. D. Mac Mahon ' , a.-ri p . Yen::;u>pa.]a p;..u 

Evaluations of nuc lear and atomic decay scheme data of the 

i 

London Reactor Center , UK 
Emory Univers i ty , Atlanta , Ga, USA 



nuclides ^ N a and " Tl have been studied. They a r e per formed 

accord ing to the ru l e s , which were d i scussed bv the European 

Working Group f o r Evaluation of Nuclear and Atomic Data and 

which a r e published by Gr inbe rg et a l . (R. GPLLBERG, 

J . P . BRETHON, F . LAGOUTÎNE, Y. LE GALLIC, J. LEGRAND, 

A . H . WAPSTRA, H . M . WEISS. W. BAMBYNLK, IL DE ROOST, 

H. H. HANSEN, A. SPERNOL, Cr i t ica l Evaluation of Decay 

P r o p e r t i e s and Compila t ions of other Useful Data of Frequent ly 

Used Radionucl ides , Atomic Energy Review 1_L 31 n (1973)). 

4 . 2 . Atomic Data 

M e a s u r e m e n t of Pho toe lec t r i c Cros s Sections 

H.H. Hansen and K. P a r t hasa radh i 

Total photon in te rac t ion c r o s s - s e c t i o n s have boon m e a s u r e d 

in the e lements Al, V, Cii. Mo, Ta, Au, and Pb at eight 

photon energ ies between 165.8 and 1332.:5 koV. :J-.M=m ements 

were made with the t r a n s m i s s i o n technique on a ''good geomet ry" 

se t -up using a high energy resolut ion Ge(Li) de tec to r . Photons 

of the requi red ene rg ie s were obtained from " *'.'[.. 
60 9 5 7 ,95. , . 137 _. , W> 

Co, Zr Nb, Cs, ..lui Le) s o u r c > 
?â LiCi s t rength . The ' ..•-. - th icknesses w.--. !.vt 

2 
1.5 and 20 g / o n " in --'i-.-- • ;. • :, t. i L a 'V-vtor. '•;••'>• ;. • 
of between 30 and 70%. The - omet 'V was chosen .< 

.•11 

' L e t i oris 

way 
-4 

tha t it QC ; ' . I ICI : a s o l i d a n g l e of a b o u t 2 - 1 0 c o r n • :•• • ••ciinc? to a 

r o s s -photon b e a m op.a / ••'•' r than 2 ° , °? :o to - . '< .•• 

s e c t i o n s wil l be ob ta i , . / s u b t r a c t i n g c a L uL.t ••: or J r ibut ions 

due fo c o h e r e n t and i n c o h e r e n t s c a t t e r i n g f rom ''• • --;>.- .•:-<.ed total 

i n t e r a c t i o n c r o s s - s e c t i o n s . 

Audi: r i U n i v e r s i t y , V i s a k h a p a t n a m , Indi" 
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M e a s u r e m e n t of K-Shell Ionization During F Decay 

H. H. Hansen 

Internal ionizat ion during > decay has been s> leied for the 

i sotopes 1 4 3 P r and 2 0 4 T 1 . (H.H. HANSEN, Phys ica Fennica 9 

(SI), 264 (1974). K-she l l In terna l Ionizat ion P robab i l i t i e s in 

Nuc lea r Beta Decay of ' P r and **' Tl ) . The total K-she l l 

in te rna l - ion iza t ion probabi l i ty per ? -decay . P . has been 

de t e rmined from the number of emit ted K x rays and the 

total ° -decay- r a t e . Radioact ive s o u r c e s wer • made by drop 

deposit ion onto gold coated VYMS foils of total thickness 

between 50 and 150 up c m " . As both rad ioac t ive m a t e r i a l s 
1-1.3 show a complex K x - r a y s p e c t r u m ( nr is slichilv mixed 

?.04 
with other r a r e e a r t h isotopes and Tl har- •*• . n . i l l FC 

branch) advantage was taken of the high en-vT.v resolut ion of a 

Si(Li) de tec tor (260 eV for the Mn K^ x r a y s of .-.<» keV) in 

o r d e r to d i s c r i m i n a t e aga ins t all x r a y s nor • >ri".ir.,"-.tint! from the 

daughter nucleus af ter .- decav. The r pa rti<-];-s i r - m the sou rces 

were absorbed in Be disks of su i table t h i c k n e s s e s . The de tec t ion-

efficiency ca l ib ra t ions w e r e per formed us ine •• : • • - emit ted f r o m 
241 , , , , . . . 

Am s o u r c e s of known dis in tegra t ion r;:1^. •'•• ;; •• iy ra tes 

of the used 3 - r a y <-:o-i:- vero de t e rmined y '~- counting 

m e a s u r e m e n t s with a ca l ib ra ted end vindow « .-.••u.; • :• 'Mid by liquid 

scint i l la t ion counting. The r e su l t s a r e P - t< . 04 ; 0./. ' .)•] ' and 

(1 . 1240.09)- 10"* for P r and " rTl, r e s n e , -H« .»! »•. The e r r o r 

given on P is composed of the s t anda rd e r r o - . C ;• total 

sy s t ema t i c e r r o r ch rr » -.eristic for the s<-rie<: u<~ n ^ i f u r r m c n t s , 

The total sys t ema t i c e r r o r is the ar i thmet ic : uc. •:' Hie indi-idual 

components due to the efficiency ea i ib ra t ion , 1!.- H • terni inai ' 

of the d is in tegra t ion r a t e , and the nuc lea r and a t r r i i r r em \. : ts used . 

The a g r e e m e n t of these values and with theory awn . .?h efu-r 

r ecen t exper imenta l r e su l t s is ve ry sa t i s fac to ry . 

Isotope Abundances and Atomic Weights of the KJ.-rnents 

P . De Tîièvre , M. Gallet 

In the frame of the "Internat ional M i s s Spec tronic»ric Kvaluation 
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Group", (IMSEG) which was set up by the IUPAC :s Commiss ion 

on Atomic Weights , a thoroughly reworked aiKl updated edition 

of the r e p o r t on Isotope Abundances and Atomic Weights of 

the E lemen t s has been p repa red . F r o m this compilation bes t 

e s t i m a t e s of na tu ra l isotope abundances , unce r t a in t i e s on a tomic 

weight va lues due to upper l im i t s of neighbouring i so topes , and 

observed r anges of na tu ra l abundance va r ia t ions have been 

evaluated and submit ted to IMSEG. 

Col laborat ion was provided to Prof. Munzel (KFK) in o rder to 

furnish the na tura l isotope abundances of the e lements for the 

planned 1974 edition of the German ' 'Nukl idkar te" . 

4. 3 . Metrology of Radionucl ides 

Internat ional I n t e r compar i son and S t anda rd i sa t i on of Pvadionuclides 

E. Celen, G. G r o s s e , R. Vaninbroukx and V. . / . r hne r 

In the f rame of an in t e rcompar i son , that was organized by the 

Bureau Internat ional des Poids et M e s u r e s (P.IPM), P a r i s , 
139 

the rad ioac t ive concentrat ion of a Ce solution was de te rmined 

(R. VANINBROUKX and E. CELEN, CBMM i n ! - r - a ! note: 

CBNM/RN/5 /74 , Detei i iunat ion of the specific act ivi ty of a 
139 

Ce solution for a BIPM i n t e r c o m p a r i s o n using the 4rr(AX)-v 

coincidence method). The objective was to invest igate the efficiency 

extrapola t ion technique in (4TT Auger e lec t ron plus x - r a y ) - ( v - r a y ) 

coincidence counting for "> nuclide with a daugiit cr having a 

conver ted y r ay . Oth*r par t ic ipants were the Atomic Energy 

Commiss ion L imi ted (AECL), Chalk River (Canada); the Bureau 

Internat ional des Poids et Mesures (BIPM), Pa*-iF 'F r . i n r c ) ; ;e 

National Phys ica l Labo ra to ry (NPL), Teddington -ÀJY), and the 

i n'y s iKâii S en - T e chni s ché i_> un d o à a i i â tait i PTIÎ ;, n r-tuus ."hweig iuc r inany) . 

The m a t e r i a l was dis t r ibuted by the NPL. Var ia t ion of the 

efficiency ;n the " 8 " counter, which is the bas is of the e x t r a 

polation method, was obtained by covering the s o u r c e s with Al 

foils of inc reas ing th ickness . The s t a t i s t i ca l uncer ta inty (99.7% 

confidence level) of the resu l t is 0 .4% and the sys temat ic 

uncer ta in ty was es t ima ted to be 1.4%. The resu l t a g r e r s within 



- 4 0 . 

0 .6% with that of the N P L . The r e s u l t s of the other pa r t i c ipan t s 

a r e not yet ava i lab le . 

Reference sources of Am of spec ia l s ize , not c o m m e r c i a l l y 

ava i lab le , w e r e p r epa red and s t anda rd i zed on reques t from the 

S tud iecen t rum voor Kernene rg ie (SCK), Mol (Be lg ium) . 

The overa l l a c c u r a c y of the r e s u l t s on the bas is of a 9 9 . 7 % 

confidence level was 0 . 5 % . 

Improvemen t s of Methods to M e a s u r e V and x Ravs 

G. G r o s s e , D. Reher and R. Vaninbroukx 

The a c c u r a c i e s of the expe r imen ta l v efficiency curves of 

a 3"x3" Nal(Tl) detector in t h ree defined solid angles and two 

Si(Li) detectors .each in one defined solid ang le ,have been improved 
109 

by r e c a l i b r a t i o n with s eve ra l s t anda rd ized sou rces of Cd, 
125T 133 n . 241 

I, Ba, and Am. 

A 4" dia x 1/2 thick de tec tor has a l so been commiss ioned to 

be used to m e a s u r e x rays of low energy (F, > 10 keV) under th ree 

dcfinied solid ang les . Because of the l a r g e d iamete r of the c ry s t a l 

the in s t rumen t is near lv insens i t ive to the eccenlr i i if y of sou rces 

p / e p a r e d byr d rop evaporat ion, and hence be t te r p rec i s ion can be 

obtained. 

For the de te rmina t ion of low in tens i ty y- trar .s i t ions and r a d i o 

chemica l impur i t i e s an a n t i - C o m p t o n / p a i r spec t rome te r is under 

development (see Section 9 . 4 . ) . 

For the de te rmina t ion of x r a y s a sol id s tate sandwich de tec tor 

is in cons t ruc t ion (see Section . 4 . ) . 

Improvemen t s of Method to M e a s u r e fi Rays 

TT.TT, Hansen, K. Hofmans, B. Mouchcl, H. Nerb . V., Sat t ler and 

II. Schipke 

New elec t ronic ins t rumenta t ion has been developed (E. SATTLER, 

H.H. HANSEN, K. HOFMANS, D. MOUCHEL, H. NERB and 

H. SCHIPKE, Nucl . Ins t r . Meth. , in p r e s s . Automatic Control 

and Data Acquisi t ion of Magnetic Beta Ray Spec t romete r Measurement s ) 

in the c o u r s e of replacing a valve c u r r e n t supply and control sy s t em. 
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The ins ta l la t ion of t hy r i s t o r i s ed switching r e g u l a t o r s a s magne t 

c u r r e n t supply units with their inherent low heat production 

ove rcomes s tabi l i ty and re l iabi l i ty p rob lems occuring due to 

excess ive ambien t t e m p e r a t u r e va r ia t ion . The influence of the 

h i s to ry of the magne t has been reduced cons iderably by a 

reproduc ib le completely automatic demagnet isa t ion p rocedu re . 

Use has been made of CAMAC s tandard equipment as much 

a s poss ib le . The quality of the overa l l pe r fo rmance of the 

s p e c t r o m e t e r has been demons t ra ted by a s e r i e s of m e a s u r e m e n t s 

and t e c t s . An overa l l s tabil i ty of 1.7-10 °C for m e a s u r e m e n t s 

of 24 hours and longer and at 10A cur ren t range has been 

achieved. The reproducib le adjustment of the magnetic: field is 

a m e a s u r e for the re l iabi l i ty of the controll ing and demagnet is ing 

p r o c e d u r e . It has been shown that a p rese lec ted cu r ren t value 

could be reached within a var ia t ion of + 0.002T-/. 

Improvemen t s of Methods to M e a s u r e CI Rays 

W. Bambynek, B. Denecke 

Some aspec t s of CX-counting of thin sources have been re inves t iga ted 

in o rder to improve the n r. curacy at ta inable on activity m e a s u r e m e n t s , 

•i. l a rge pa r t of the uncer ta inty is in the es t imat ion of the counting 

solid angle for l a rge inhomogeneous s o u r c e s and a device is 

being cons t ruc ted to automat ical ly scan over the sou rce . In 

addition the scattering of the pa r t i c l e s by the wall of the chamber 

and the res idua l gas ha^ --"en invest igated exper imenta l ly and 

in consequence it is now possible to ca lcula te the uncer ta in t i es 

due to this effects m o r e accu ra t e ly . 

Numer i ca l Methods to Evaluate Spec t rum Data 

n , Ror te l s 

A new p rocedure for the numer ica l evaluation of the total a rea 
, 238„ . ,239-, 240_ . . 

of Pu and ( Pu+ Pu) peaks in a - r a y spec t ra has been 
developed. A typical spec t rum is shown in Figure 4 . i . 
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Fig. 4.1 Alpha ray spectrum of a Pu sample 



- 43 -

T O O 

The exper imenta l data which belong to the Pu group in 

the region (d, f) a r e fitted with a sum of two ( i= l ,2 ) skewed 

Gauss ians accord ing to 

- (E -A3 . ) 2 

f(E) = E A 1 . exp ( - — ) , (1) 
1 1 A2(1+AS(E-A3.) *) 

where A l . is the peak height, A2 is the resolu t ion p a r a m e t e r , 

A3, is the peak energy, A4 is the skewing p a r a m e t e r , and A5 
i 

is the tailing p a r a m e t e r ( M . P . TRIVEDI, P r o g r e s s Repor t 

1969-1970, NYO-844-81) . The pa r t of the s i n g l e - p e a k - s p e c t r u m 

above A3, is p r e sumed to have Gauss ian shape, hence A5 = 0 for 
E > A 3 . , 

l 

T O O 

The contribution of the ' Pu group to the exper imenta l data 

in the region (a, b) is found by i tera t ion as follows. With an 
-> ^ o 

initial e s t imate of the fract ional contribution of " Pu in (a, b), 
T O O 

the tail (a, d) of the '" Pu group is fitted with the model of 

Eq. (1) using the constants A1 . ,AZ,A3 . from the previous fit 
° i l 

in (d, f). This gives the p a r a m e t e r s A4.A5 in the region (a, d). 
23 9 

Using these p a r a m e t e r s and a s suming that the hc-.iuhts of Pu 

ind Pu subgroups a r e ooth B /2 , the fractional contr ibution 
2 38 

of Pu in (a, b) is calculated according to Eq. (1) with 

i - 3 , 4 , 5 , 6 , 7 . All the energy differences and r a t i o s of peak heights 

a r e known from the decay s c h e m e s . 

A r e a s under the Pu groups-, a r c obtained by in tegra t ing the tail 

region and by summing up the co r r ec t ed data outside that region. 

The nonl inear l e a s t s q u a r e s p rog ram which was used is a shr oned 

'...:-s ion of an exist ing p rog ram (E. VAN DER VOORT, B. Df 'EMA, 

FUR 4777e (1972) ; E. VAN DER VOORT, j i P . H A L L K U X , 

EUR 4959e , (1973)). -
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=>. S A M P L E AND T A R G E T P R E P A R A T I O N 

A b s t r a c t 

D u r i n g t h i s y e a r w e h a v e c o n t i n u e d to m a k e s p e c i e ! s a m p l e s a n d 

t a r g e t s for CBNM g r o u p s a n d for o u t s i d e u s e r s . The t o t a l n u m 

b e r of s a m p l e s w a s Z05h c o v e r i n g 103 d i f f e r e n t o r d e r s . 

Abou t 60 °'; of t h e s e o r d e r s a r e for bu lk s a m p l e s not r e q u i r i n g 

s u p p o r t on a b a c k i n g and a r e u s e d m a i n l y a s : 

- r e f e r e n c e a n d s t a n d a r d m a t e r i a l s for c o m m u n i t y p r o g r a m m e s 

o r g a n i z e d by the E U R I S O T O P Off ice of DG III ( I n d u s t r i a l A f f a i r s ) 

- m a t e r i a l s wi th c e r t i f i e d c o m p o s i t i o n in sol id stat>- p h y s i c s and 

a n a l y t i c a l c h e m i s t r y ' e . g . s p i k e m a t e r i a l ? ' o r the a fe g u a r d s 

a n a l y s e s ) . 

T h e r e m a i n d e r a r e v e r y th in s a m p l e s u s u a l l y r e q u i r i n g a b a c k i n g . 

They a r e u s e d a s t a r g e t s for n u c l e a r m e a s u r e m e n t s . 

- . 1 . Bulk s a m p l e s 

E . F r e i s t e d t , J . M a s t . V T J - i rengh , F . P e e t e r r."".>. . 

J . Van A 11 d e n h o \ f; 

T h e s e s a m p l e s a r e p r e p a r e d m a i n l y \< . i c a r " m i ' . l - i 

p o w d e r , , ' n ? , r o l l i n g o r q u a n t i t a t i v e a l l o y i m n-iru: 

f requency l e ; :*- l-"onr eMire t e c h n i q u e . 

T h e l i s t of the bu lk ••..-,: , u e s i s g iven in T a b l e ^ 1. 

" . 1. Th in s a m p l e s 

M. A e r t s . W. D o b m a , W. L y c k e , F. M i c i n c l s , C .''. 

P . R i e t v e l d , H. R u t s , H. S i l v e s t e r . J . T j o o n k , T. "••. •;-•••.hove, 

' . \ - , . " s*e!, V. ""e rd ingh . J . W n e l b e r s , V.". V- . ' e - s 

The i ; s t of th in s a m p l e s p r e p a r e d in 1074 i s g iven in T a b l e "> . .'. 

As in p r e v i o u s y e a r s , a l a r g e n u m b e r of th in f i lm:; or ' r a n ; ; -

u r a n i u m e l e m e n t s h a v e been p r e p a r e d . 

T r if t aux , 

high 
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- l ne p r e p a r a t i o n ot s\m and Am t a r g e t s 

H Ruts , F . Mich ie l s , V. Verdingh 

243 One of the difficult s e t s of t a r g e t s which was p r e p a r e d i s Am. 
243 

Twelve A m l a y e r s were reques ted by CEA Saclay for fission 

c r o s s - s e c t i o n m e a s u r e m e n t s in the energy reg ion of some eV to 

5 MeV and these w e r e made by suspens ion sprav ing . A yield of 

about 70 °Jo s t a r t ing with 80 mCi of Am was obse rved . 
243 

The base m a t e r i a l ( 99 "?o " Am)was supplied by the applicant 

241 
Work is a l so in p r o g r e s s to p r e p a r e some samples of Am 

for neutron c r o s s - s e c t i o n m e a s u r e m e n t s . An a g r e e m e n t has 

been r e a c h e d between different groups of phys i c i s t s of CBNM, 
241 GfK, AERE Harwel l and SCK Mol to use the s a m e Am 

samples . 

The samples to be p r e p a r e d by CBNM will have the following 

c h a r a c t e r i s t i c s : 

1. Large surface sample : 

ZOO x 200 m m Total ac t iv i ty : 6Ci 

2. Sample for t r a n s m i s s i o n m e a s u r e m e n t s 

Diam. : 14 m m 

Canned in Al Total act ivi ty : 10Ci 

3. Sample for sca t t e r ing and capture m e a s u r e m e n t s 

Diam. : 50 m m 

Canned in Al Total act ivi ty : 50Ci 

- Invest igat ion on thi .«.dioactive s o u r c e s 

W. van der Eijk, W. Zehner 

Several me thods for the p r e p a r a t i o n of d rop s o u r c e s have been 

compared by p repa r ing sou rces i r o m one Co solution. 

After different t r e a t m e n t s a s , e. g. addition of seeding agent , 

addition of wett ing agen t s , addition of chemica l r e a g e n t s , 



exposu re to NH , f reeze drying, the = -eff iciency (~G) of the s o u r c e s 

h a s been d e t e r m i n e d by -1 ~ c - -. -coincidence counting. Highest 

e „ -va lues have been obtained with s eve ra l precipi ta t ion r e a c 

t ions . 

241 
The 1 - p a r t i c l e spec t ra T o m sou rces of A n p repa red bv 

seve ra l methods from the same solution have been compared . 

The methods used were : vacuum evaporat ion, e lec t rodepos i t ion , 

e l e c t r o s p r a y i n g . deposi t ion of drops onto thin ion-exchange-

l aye r s and severa l p rec ipitation methods . 

- Rea l i sa t ion of a complex multifoil t a rge t 

P . R ie tve ld . J. Van Gestel 

12 
Fo r the m e a s u r e m e n t ot the average polar iza t ion of V> produced 

1 2 i 2 

by po l a r i z ed muons in a . . x (.'. -'• -, - P> react ion a joint wor 

king group from Louv'ii n - l a -Xeuve and Saclay asked for a sp^i ;a! 

ta rge t composed of two sots o( I Of) self'Supporting foils. fiacn 
-?. -2 

toil cons is ted of three l aye r s : 1 -,00 ,.g cm An. :̂ 0 ... t- cm (' 
-2 

and ?00 L g cm Al. The gold and carhor l ayers were producer! 

by vacuum evaporation. ?uid fixed onto the comme r < A. ! . \ !-foi ls by 

floating. The final tv. o , -:.•'-:• of foil--" uifh JaK : . i! n-. ,r. "', <- ion.- .A 

80 m m by 80 mm vr-re enclose . •; r. th in-walled Al boxe--. 



T a b l e S. 1 

Bulk S a m p l e - d e l i v e r e d in 1974 

M a t e r i a l s 

Y T b F e 

Dy F.- AI 

6 L . 

Al - P u 

P r . P b , R e , U, 
Cu , V , M o , S n , 
T a , Au, AI 

Cu - C r 

Cu - F e 

T a 

U - P u 

A g - A l - C u - A u -
'n 0. 2 fo e a c h 

i Au-A l - C u - A g -
P b 0. 2 T; e a c h 

C u - I n d u s t n a l 

P b 

Mo . Z r . W 

2 ^ 
IT 

i T h 

\M, Mo 

\ T a. \ ' a K 

Cu - 1 2 and 1 , 2 
ppm P t 

Cu - 1 2 and 1 , 2 
p p m P d 

A p p l i c a n t s 

(a) 

1) 

o 

A m o u n t s 

12 

3) 6) 7) ! 1 
i 
i 

4) ,5) ! 2 

6) 

10) 

11) 4) 

nO 

20 

20 

6) 38) 1 100 

13. ; 2 

40) 

6 ) 4 ) 

4) 

4) 

14) 

1 ) 2 ) 7) 

15) to 34) 

600 

4 

4 

2 

400 

Def in i t i on 
M e t h o d s (b) 

Q . A . 

S . A . - [ . A . 
M . D . - D . C. 

P r é p a r â t ion 
M e thod (c) 

L . M. 

IMC 
E X . -C. 

Q . A . - I . A. ! L . M . - R . 
j 
| 

M . O . - D . C. ! M. -R . - P . 
! 
i 

L . M . -
Q . A . ! 

! R. -W. D . 

M . n. 

Q . A -; A. 

Q . A . 

-

C . S 

L . M . -M -C 

L. M. -

p, -w. n. 

M. 

M. D. - I . A. L . M -

; R . - M • : •. 

1VJ , i_/ . 

Q . A . L M. -R 
i 

M . D . - D . C , j M. - C . 

Q . A . 
Î.. M - M 
R. -W I') 

P 



- 4 8 " 

T a b l e 5 ._2_ 

T h i n s a m p l e s d e l i v e r e d in 1974 

L a y e r s 

2 5 2 c f 

2 , 3 u 

2 3 \ l 

2 3 L 

238 T 

2 î 2 T h 

Z 3 °Pu 

241 
A m 

243 
A m 

2 " - , 

"X 
"V "n 
N a t . 13 

1 8 2 w 1 8 4 w 

112 
Sn 

A r 

C *V 

( ' 2 C ° 3 

L i F 

Au C/A1 

/ r 

V v n s . C 

A p p l i c a n t s J A m o u n t 
(a) ; 

41) 42) 43) 
7) 44) 45) 
39) 6) 46) 

47) 35) 44) 

3 5 ) 3 6 ) 3 ? ) 6)9) 

48) 49) 43) 

37) 26) 

6) 

44) 35) 50) 

6) 

44) 

42) 

14 

20 

132 

10 

116 

Def in i t i on 
Method s(b) 

P r e p a r a t i o n 
M e t h o d s ( c ) 

G - c o u n t i n g 5 . T . 

M . D . | E . S . 

! 1 
M . D . ! E . S . 
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! ' ! 
M . D . ! E . S . 

! 
M . D . 1 E . S . -S . 

; f 
4 ! M . D . ; S . : 

! i 
10 

7 

12 

M . D \ E . S . 

M . D . E . 3 . 

M D. E . S . 

6 j M . D . 
] o. -count i n<; 

4) : 3 ! M . D . 

y D . 

V . D . 

12) 39) 6) j 22 j M. D. V. D. 
• 

12) 1 j M . D . 

51) 52^ 11 M . D . 
i 

51) 

6) 

b) V) 

6 ) 9 ) 

6 ) 8 ) 

53) 

4) 

f> 

1 

2 

3 0 

250 

3 

175 

E S 

E . S. 

1 

M . D ! E . S 

M . D 

ivi . u . 

S. 
r - - -

M . D . j 

M.D. v . D . 

M . D. 

M. D 

._ . ." . ._ . . 

V . D 

— v_'i. 
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(a) Lis t of Applicant; 

K . F . Jtliich, G. 
RUCA, Antwerp , B. 
Max Planck Ins t . , Mainz, G. 
S. C.K. - C . E . N . , Mol, B. 
R. C.N. , Pe t t en , N. 
C. B . N . M . 
C. E . A . , Saclay, F . 
P . T . B . , Braunschweig , G. 
C. N . E . N . , I. 
Univ. MUnchen, G. 
C. N . R . S . , Or say , F. 
S ter renkundig Inst. Utrecht , N. 
Inst i tut fur Spec t roscop ie , Dortmund, G. 
I . A . E . A . , Bucha res t , H. 
C. N . R . S . , O r l e a n s , F . 
Labor P . Sue, G i f - su r -Yve t t e , F . 
H e r m e s GmbH, Hanau, G. 
B. A . M . , Ber l in , G. 
Ugine Kuhlmann, Leva l lo i s , F . 
I. N. W. , Univ. Gent, R. 
C. R. A. A. , Pavia , 1. 
C. C.R. , I sp ra . I. 
A . E . R . E . Analyt. Sc iences , Harwel l , U .K. 
Inst . Max von Lane , Langevin, Grenoble , F . 
Univ. Mamur, B. 
G. f. K a r l s r u h e , G. 
Univ. Lyon, Vi l leurbanne, F . 
C . E. N . , Grenoble , F . 
Johnson and Mat;r»c\ Royston, U .K. 
Comptoir Lyon Allemand, Lyon, F . 
Norddeutsche Affinent; Hamburg , G. 
Métal lurgie Hoboken, B 
Siemens A. G. , K a r l s r u h e , G. 
Dc,;u3sa. Har.au, G, 
I . A . E . A . , Hungary 
C . E . A . , Ca.-ïarachr l . 
Univ. Catania, 1 
E . E . C. , Safeguards Au thor i t i e s . 
T. H. Da rms tad t , G. 
EURISOTOP, GD III (50 Indus t r . and Nat. Labs . o f t h c E F . C ) 
Univ. Ge •., B. 
Univ. p . •.: G. 
Univ . c.' . j e r g , G. 
C . E . A i ' r n t r o u g e , F . 
'"• E .N . ' ' s u r - Y v e t t e , F . 
Univ. Pi.»-,.s, F . 
I . A . E . A . , B raz i l . 
I . A . E . A . , Romania . 
C . E . N . , Bordeaux, F . 
A. A. E. C. , A\ r i l i a . 
Univ. B r u s s e l s , B . 
C . N . R . S . , Or s a / , F . 
Univ. Louvaia, U 

http://Har.au
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(b) Definition Methods 

Q.A. 
M . D . 
D . C . 
S.A. 
I. A. 

Quanti tat ive alloying 
M a s s definition 
Dimentional control 
S p e c t r o g r a p h s ana lys i s 
Isotypic ana lyses 

(c) P r e p a r a t i o n Methods 

L. M. 
1. M . C . 
E X . 
C. 
R. 
M. 
P . 
W.D. 
V . D . 
C .S . 
E. S. 
S .T . 
S. 

Lévitat ion mel t ing 
Induction mel t ing in c ruc ib le 
Ext rus ion 
Canning 
Rolling 
Machining 
Punching 
Wire drawing 
Vacuum deposi t ion 
Cathod^c sput ter ing 
E lec t ro sp ray ing 
Self t r ans fe r 
Settling 

5 . 3 . Compilat ion cm Reference Mate r i a l s 

Reference m a t e r i a l s of i n t e re s t to nuclear energy 

Y . Le Duigou 

Information has been obtained from different organiza t ions to p r o 

duce a l is t worldv/ide avai labi l i ty of r e f e r e n c e m a t e r i a l s of in teres t 

to nuclear enert-y. Chemica l , isotopic and t r a c e e lement re fe rence 

m a t e r i a l s a r e includes but emphas i s has been given to the subs tan

ces of p r i m a r y in te res t like those containing u ran ium and plutonium. 

The catalogue will be i ssued as a Eura tom i eport . 
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Reference m a t e r i a l s of rad ioac t iv i ty 

W. van der Eijk 

On the r eques t of the BCR (Community Bureau of Refe rences ) of 

the Commiss ion of the European Communi t ies , a d i r e c t o r y of 

cert i f ied r e f e r e n c e m a t e r i a l s of radioact iv i ty has been p r e p a r e d 

in col labora t ion with Dr. Gorski of the Se ibersdorf Labora to ry 

of the In ternat ional Atomic Energy Agency. 

This d i r e c t o r y c o m p r i s e s the p roduc ts of 12 suppl ie rs of cert i f ied 

re fe rence m a t e r i a l s (CRM) of radioact iv i ty as given in the i r ca t a 

logues. 

Included a r e only products for which cer t i f ica tes a r e del ivered and 

whose unce r t a in t i e s a r e given accord ing the ru l e s defined in ICRU 

12 (1968) with a confidence l imit of 99 .7 % or 99 %. Only those 

products a r e included where the stated uncer ta in t ies according to 

the above ru le s a r e l e s s than 10 "'<-,. In total , some 2 200 i tems 

have been included. 

This compilat ion will be published by the IAEA. A regu la r updating 

is foreseen . 

S . 4 . P r o c u r e m e n t ^ .. -.1 isotopes 

fl. Ruts , V. Verdingl 

The . ooi-dination of isotope p r o c u r e m e n t s from the USA À if. ' onti -

nued. 

Loan r eques t s v*\;, .or Pu and Pd isotope., anrt purely; c 
i l l "? i * 7 ,1 '? 

r jques l s were submitter. î.o the USAEC for U, * P i . " "Pu 

and Ij . 
98 Zl 'r 

Recovery and final accounting were made for ' Mo and I' o: 
loan frnim the IJSAEC r e s e a r c h oool. 



(i' A C C E L E R A T O R S AND I N S T R U M E N T A T I O N 

d. 1 . E l e c t r o n L i n e a r A c c e l e r a t o r 

O p e r a t i o n and I m p r o v e m e n t s of the L i n e a r A c c e l e r a t o r 

J . M. S a l o m e , R. C o o l s , R. F o r n i , F . M a s s a r d i e r , F . Menu, 
R. P i j p s t r a , P . S c h w e i t z e r (unt i l 3 1 . 8 . 7 4 ) , P . S i m c o n e , 
F . Van R e e t h , C. "Waller 

In 1974 the l i n e a r a c c e l e r a t o r ( L i n a c ) w a s o p e r a t e d for 

3 750 h o u r s . D e t a i l s on k l y s t r o n h o u r s , u se fu l b e a m t i m e 

and m a i n t e n a n c e a r e l i s t e d in T a b l e 6 . 1, F i ^ s . 6 . ! and b. .' 

K l y s t r o n h o u r s 

E l e c t r o n b e a m h o u r s 

H o u r s for m a i n t e n a n c e 

and o t h e r i n t e r r u p t i o n s 

T a b l e 6. 1 

107 3 

392 3 

38 02 

T44 

"1 
'i , ; 

"•SS" 

^7 -0 

Tlu: • i c c c l e n t o T w a s e n t i r e l y u s e d a s ; pul;-'. < •.-"! r e ' i ' r c i s o u r c e 

with an i v e r a g e n u m b e - T : . b flight pa: h.- ca-- •!;• . r e . . -.:<,}\ •, _ L! 

i (i 7 3. 

The m o d u l a t o r w a s o p e r a t e d p a r t of the t i m e wi th two E!• V 

t h y n t r o n s ( I 040 IT and wi th two I T T t h y r a t r o n s ( ! 7b0 h > i r . s t e i d 

of the s p a r k - g a p s w i t c h e s . S e v e r a l t e c h n i c a l '.iT-'nuti^PF w e r e 

o b s e r v e d such as goo.-; o v e r a l l s t a b i l i t y allowui;.; i.-ft.-r p e r f o r m it 

of the e l e c t r o n b e a r n , l o w e r p o w e r c o n s u m p t i o n and i n c r e a s e d lif 

t i m e s of the h igh v o l t a g e c o m p o n e n t s . N e v e r t h e l e s s , p o m e 

f i c u l t i e s o c c u r r e d wh ich w e r e p r o b a b l y due to the c r i t i c a l d< ; :::\ 

of the oil t ank . Te a Lb with the t h y r i.trcr.r; will be :•:'.•••:•>. up i j i i » 

' xt v e a r when the s y s t e m h a s been i m p r o v e d . 

The new p i lo t o s c i l l a t o r 2 x 1 kW w a s d e l i v e r e d i,v P i d i i f i o n 

D y n a m i c s . D r i v e n by a v e r y s t a b l e c o n s t i n t - - * ;Vf: g e n e r a t o r 

seated by a pin d iode m o d u l a t o r it will i m p r o v e flu lu.'iin.^ 

of the a c c e l e r a t i n g wave g u i d e s . 
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M o d e r n i s a t i o n of t h e I . i n e i r A c c e l e r a t o r 

J . M . S a l o m e , R . C o o l s , R . F o r n i , F . M a s s a r d l c r , F . M e n u , 
R . P i j p s t r a , P . S c h w e i t z e r ( u n t i l 3 1 . 8 . 7 4 ) , P . S i m é o n e , 
V. V a n R e e t h , C . W a l l e r 

T h e o r d e r f o r t h e m o d e r n i s a t i o n of t h e L I N AC' w a s s e n t t o 

C C R - M e V i n J u n e , 1 0 7 4 . Tt i s e x p e c t e d t h a t c o m p o n e n t s w i l l 

b e d e l i v e r e d f r o m S e p t e m b e r , 197 5 o n a n d i n s t a l l e d \ n d c h e c k e d 

b e f o r e t h e e n d of 1 0 7 ^ . A c c e p t a n c e t e s t s a r e p l a n n e d f o r 

F e b r u a r y o r M a r c h , 1O70. 

T h e m a i n n e w p a r t s i r e i g u n ( 35 A, 80 KV*. i s ' i n d i n j - v v i v i ' 

b u n c h e r w i t h m o d u l a t o r inri t w o b m l o n g s e c t i o n s . T t b l e s •>..'. 

. i n d f S . 3 s h o w t h e g u a r a n t e e d ind t h e o r e t i c a l l y p o s s i b l e eh. i r • i t e ri M 

of t h e m o d e r n i s e d a c e e l c r i t o r . 

T a b l e b . 2 ' flu i r m t e e d v a l u e s 

i r 
S h o r t p u l s e s 
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(.'.) l-'nr hong p u l s e s - '<••: e n e r g y it z e r o c u r r e n t w i l l be I '"n ' .b 

T a b l e (>. *>: C a l c u l a t e d v -1 l i e s 

r 

1 

I.' 

F 

p 

S h o r t p u l s e s 

3 n s 

12 A 

0 0 0 H z 

1 30 M e V 

4. 2 kW 

10 n s 

12 A 

0 0 0 H z 

1 OS M e V 

11 . 3 k W 
I 

C i l c u l a t i o i i h y p o t h e s i . 

~ 1 

1 00 n s j 

!. 8 A j 

HS0 H z j 

o0 M r V j 

! 4 . 2 kW j 
i 

- i 
i 

b o n g pui:-

1 Li S 

0 . 2. b ."• ; 

i nn \\z \ 
i 

1 0K \U- V j 

i n . . ' . kW ! 

(', i b ul it i o n 

e s 

" . 2 ; 

/. """ 

1 OH 

! - i . : 

' . v p 

c o s d ( b u n d l e H 0. 7 2 

c o s 6 ( s e t ! ion '! " '-

c ' is o burn h e r ) 

( ce- c> •'' s e i ( i on ) 



- 5 5 ~ 

A prototype of the new gun i s being tes ted . P r e l i m i n a r y r e s u l t s 

show a peak c u r r e n t of 20 A (28 A cathode emiss ion) at 50 kV 

(HV power supply available at p resen t ) . Pu l se lengths of 7 ns 

fFWHM) a re p r e s e n t l y achieved with this emiss ion and it is hoped 

to reduce this length in the future. 

Developments of T a r g e t s and T a r g e t - M o d e r a t o r Configurations 

J . M . Salome, J. War tena , R. Cools, P. Sim.'one, F . Van Reeth 

The p a r a m e t e r s genera l ly requested on the Linac are about 5 A. 

2 S ns , 65 MeV (average energv) , 600 Hz. This c o r r e s p o n d s 'o 

about 5 kW mean power . Under these conditions no problem--, 

except damage in the surroundings such as flow r a t e m e t e r for 

m e r c u r y , the rmocoup les and secur i ty switches were noticed 

for the m e r c u r y cooled uranium target of 26 mm d i a m e t e r . 

A 30 mm d i a m e t e r target with enr iched uranium is now part ly 

const ructed and will be available beginning next yea r . A device 

to check poss ib le contamination between the two fror.' windows 

wil1 be set up 

Hue to very long d e l v e v t ime of tTie main p • •>; n spec1 d 

PACIFIC type r o t a r y joint for t!. •> rotat ing m e r c u r y i oob- ; 

u ran ium ta rge t the tes ts with m e r . t ry under p rè s s u i e v. <>re 

postpo .•'} o ] 07 5. 

Polyethylene . • •.'••• • ' sed for modera t ing t ic neut rons 

emit ted from the linac target "n\t it suffers >o;i high rjdi.stior 

damage . There fo re the possibi l i ty of rep lac ing this polye'h • ?.-

by water has been studied. 

Due to the lower proton densi ty , (6 .67 • 1 6 " ' i>,o'or..\ ( ;r r 

wa te r , 8. Î 4 • 1 0 ' " p r o t o n s / c m for polyethylen- • or 

n modera ted flux of 6% is expected for the w ter moder.-.t'or 

Because of the p r e s e n c e of oxygen instead of carbon a •:• • n r p 

of the spec t rum can be predic ted . Both effects a re expe : • men* illv 

confirmed. 

A water m o d e r a t o r , contained in a meta l l i c cari s e e m s to be 

usable . Mo overheat ing , e r os ion or r a d i o ' y s i s has been observed. 
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F o r t h e can m a t e r i a l b e r y l l i u m i s suggo .?:.-.-•': : b e c a u s e it i s 

e x p e c t e d to g ive the l o w e s t c o n t r i b u t i o n : the .. -Has l i and the 

l o w e s t d i s t o r t i o n of t he s p e c t r u m , s i n c e it b r ^ t r e s o n a n c e i s 

at . 62 M e V . A m o d e r a t o r of t h i s type : - , ; I - r c o n s t r u c t i o n . 

B a c k g r o u n d Study of a C . F . D e t e c t o r for •V.'erane CaDture 

C r o s s Sec t ion M e a s u r e m e n t s w i th the Lin •.<.-

G. R o h r , T . v a n d e r Veen and G. Vanpr-.:r-' 

T h e n e u t r o n s e n s i t i v i t y of the C . F , d e t e : t - i n s been m e a s u r e r ! 

a s a func t ion of e n e r g y by s c a t t e r i n g fro.w »: L U s i m p i e s of C 

and P b . S t r u c t u r e a b o v e an e n e r g y of ':" '•-.•" "• <s been o b s o r v 

t he s t r o n g e s t p e a k s in th-j e n e r g y r.-inge - ' : 1 ' '">'"> k • V b e i n g 

a s s i g n e d to r e s o n a n c e s in f l u o r i n e at .'.7 k> ,pd -"in keV. 

The o b s e r v e d p e a k a t 3h keV, due tc ,1 - <! .iTiirium c a n n i n g tirl 

h o u s i n g of the d e t e c t o r , w a s rough!-- ^ fact.--- of four s m a l l e r 

t han t h e y i e ld at 27 keV in F. The time- :>- i :^ f^ i i : b a c k g r o u n d 

in an a v e r a g e c r o s s - s e c t i o n m e a s u r e m e n ' rr :: . icr .si ly dif f icul t 

to h a n d l e . H o w e v e r , in t h i s c a s e it b e c o - v r . >n r r ior - d i ' b , ul 

b e c a u s e t he p o s i t i o n of the b a c k g r o u n d or >.'•• ' :• "Gnuced in t i e :•• 

f e o t o r by the s a m n i o c vtterrr l -,-• '•••>-:-• " . -.vi'" t'-'c t -i-i: 

w e i g h t of t he n u , ' • . F • - î^er s tudy To 7- •< .1 !'-. . ff ' it . s 

i q i - n t e n d e d to r e p l a c e th.-- C / , d o ' > c t o r vbu < . D 
) h r . 

t i l l a t o r w i t h a v e r y th in w a l l e d i..>.minluvr. : -or. : i in ';•<• .->nd t h i s ; c 

iindf •• c o n s t r u c t i o n . 

D e v e l o p m e n t of a rrj * < i C h a m b e r for r' . r u>: '"• rer r-~section 

M e a s u r e m e n t s of Am 

A. R r u e e g a n , M. M e r l a , E . M i g n e r o , H. v'":ntri: ' riri 

Some t i m e ago an a t t e m p t w a s nia do . > • :- c e the fis,-. . rce • 
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of Am u s i n g a 2 g s a m p l e i r a ? >•<;• '<• b n >-•,- filler' . ' ; h 

n i t r o g e n g a s , bu t f h e c o u n t e r p e r f o - n :r,r- •« - ' c ra te with t i m e 

1 4 1 ' ' I V . J . ' , . - . v - l * i .'.A \. A. \ . n L . i » . • A * > . * * . . . , . , . - . . . . • - ^ . . . . ; 

on the Al e l e c t r o d e s . In o r r . o r fo avoid tr.in d L r u r b i n j : . - ' l ' -n i r . . ! 

r e a c t i o n a n e w g a s m i x t u r e wi th a m u c h I<: > n i t r o g e n . mtent 
: f.. u n d e r i n v e s t i g a t i o n and the A l - e l e c t rod» s ; •.• ,- been - p l a c e d 

* RUCA 

-a- -Y-

U n i v e r s i t y of C a t a n i a 



l»v .-tainlc.-s steel electrodes. Facil itie s for tests, such as a s tainless-

steei container .nul a sample changer have been constructed 

A ij.'is mixture of 9 5% helium anrl T% nitrogen seems to he promising 

in view of the very high discrimination "7 -particle s -fis sion fragments 
241 

required for the Am fission cross - section measurements. However, 

it is intended to make a more systematic study to find an optimum gas 

mixture. 

(). 2. Van dc Graaff Accele r.itn'-

Operation of the 3. 7 MV Van de Graaff Accelerator 

A. Crametz, P. Falque. J. ! ..-Mtia *-d. R.Smets 

Due to the installation of the upgraded accelerator time .il the end of 

! ° 7 ' . the V.TII de Graaff at < elerafor r , n now he used tin lo •'. 7 "̂  MW 

instead ol the previous lin ' ' ol -'•. 1 MV. 

Out of 2812 working hours m l"7t . 1810 hours were used for neutron 

physii s experiments (including ! • > •"•> h o u r s f o r o u t s i d e l a b o r a t o r i e s ) n i d 

.17.?. h o u r s w e r e n e e ' l e d to < m i d i t i o n t h e m a c h i n e . 

S e v e r a l b r e a k d o w n ? - u r c u r i ' i ' i l w h i c h r e q u i r e d t i0° h- .u i -s ot m a i n t e n a n c e 

r i . a i n l y d\ie t o v a c u u m l e a k s , h i g h v o l t a g e l e a k s t ?. •'• >• m '• ' h e i n s u l a t e d 

v, « (t.- a r o u n d t h e c o r o n a ara l lii>.;h f r e q u e n c y l e a k s in t h e m>st a c c e l e r a 

t i o n d e f l e c t i o n b o x . 

I ' . c c a u s e ot t r i t i u m d e c o n t a m i n a t i o n anrl o t c o n s t r u c M o r : n o r k >! t h e 

p r e s e n t V a n d c G r a a t f b u i l d i n g t h e a c c e l e r a t o r h . i s not S e e n o n e r a ' e d 

l o r e x p e r i m e n t s f o r 121 h o u r s in t h e l a s t s i x w e e k s o'' 1 "' 7 ! . 

T h r e e ion s o u r c e s b u i l t a t C B N M w o r e u s e d d u r i n g ' h . s v e a r v a ' h •>: 

. i v c r i L i ' ' l i f e t i m e of bOO h o u r s . 

V. 1 ' '71 t h e ion e n e r g y s c a l e of t h e a c c e l e r a t o r h a s k e e p r - . d i b r - ' e 

' v. ' (. <•. o n c e in F e b r u a r y a n d o n c e in A u g u s t . ]•'(»;• ' h e ! i r : ' M m e •' e 
7 i 

i h r. • •--in .Id of t h e l , i ( p , n ) r e a c t i o n i n d u c e d by Fl ion<-- •• i- u . -ed .-a1 

' h e o b t a i n e d c a l i b r a t i o n c o n s t a n t a g r e e d w i t h i n 0 . ! " -.- ; '• ' ' , , • m e , r 

v a l u e de l e rrn iner l by o t h e r r e a c t i o n s at e n e r g i e s l o w e r Mian '• . ' ' ' ' - . . 



To p r e v e n t the s p r e id of t r i una contaminat ion ( s e e s e c t i o n 10. 1 

, s p e c i a l d e v i c e for t ranspor ta t ion of t a r g e t s to and f rom t he 

!)c im e x t e n s i o n s w i s m . d c . 

The m a i n o u t s i d e u s e r of the a c c e l e r a t o r with a total u s e of 

141 h o u r s w a s the J R G - P e t t e n in connect ion with a p r o g r a m m e 

to s tudy i r r a d i a t i o n e f f e c t s in s tructura l m a t e r i a l s . T h e m u n 

e q u i p m e n t w a s m a d e in Pe t t en , but v a c u u m t e s t s and l a s e r 

a l i g n m e n t w e r e p e r f o r m e d at Gee l . In to ta l , 23H v m i d i u n 

s a m p l e s h i d to be c i--: -fully adjusted for the i r r a d i a t o r , wit ' . 

?.. '< MeV :\ - p a r t i c l e s 

hi J m u i r v , ! ° 7 4 . 2 ! hi . m h o u r s w e r e used bv the K ic-iohad i>.-;: i < 

In s t i t u t e T X O . Riisu-i 'd ' . to c o m p i r t n e u t r o n d o s e s m e s u r e ; ! \ \ i t ' 

i t i s s u e e q u i v a l e n t ; r " ; M ,: ion c l a m b e r with the n e u t r o n K ; ' U \ ' . \ s 

i il c-ul-iterl f rom the n . - t r n ' i f i n a n c e s and m e a s u r e d by <"I'.\M 

i n s t r u m e n t s . 

M o d c r n i s i t ion c>f the \.' >n de Graa f f A c c e l e r a t o r 

A. f ' r i m e t / , , P . Fdr ; - .-. ,T . I . e o n i r H , R. S m e t s 

Pur ine ; the f i r s t s ix m o n t h s of 1 ° 7 4 the t e c h n i c a l fid adn ;; ; :- ' ;• ••' 

i s p c i t s of the m o ' : e re i s >tion of the Van de Graaff u c e l e r d o r 

w e r e s t u d i e d ind the o r d e r for The p u r c h a s e of >. M v - ' r . - n <"•• i : -

V;HI de G r a a f f a c c e l e r a t o r mode l CN with an upirr.-flcH tube v. • s ni • 

t e '!VKC in J u n e , 1°7•(. 

i'he > !. • r e te ri s t i c s of the C \ (7 MV) m a c h i n e a n - „*;ven • r. •'• • b 

Tab le 6 , 4 . 

! H. C.. P r o t o n B c i m P e r f o r m m c e : 

une rrrv P r o t o n ' u r i 

1 . 0 M e V 20 .. A 

;: o \\Q V ', -V A 

7. n MeV 2 0 . . A 

P u l s e d P r o t o n R e a m P e r f o r m a n c e : 

K n e r g y A v e r tge Cur ren t P u l s e Widr' 

1 . 0 MeV i . n , M \ 2 . ^ n..-
2. 0 MeV 4. ^ u A 1 . 8 n s 

.̂ 0 MeV (•,. 0..A 1 T tis 
7. 0 MeV n. 0 U A I . , ' . M I S 



T h e a r r i v a l of t h e e q u i p m e n t i s p l anned t o r D e c e m b e r , 1 ' ' " '-•, vl 

a c c e p t a n c e t e s t s wi l l be m a d e - ; x to s e v e n m o n t h s l a t e r . 

T h e b e a m l i n e s c o n n e c t i o n s f rom the ex i t of t h e a n a i y / i . n g ÎT-.? ;:•>» 

up to the two t a r g e t s l o c a t e : :JH 0" nd 45" ex i t p o r t s of trie cwitc'-ir,;; 

m a g n e t w e r e s t u d i e d d u r in y the non o p e r a t i n g h : u r s of tiic a c c e l - r •. t° •• i . 

D e v e l o p m e n t of a Conven ien t and R e l i a b l e N e u t r o n - G a m m a I >isi. - .m i -

nat ion Me thod fo r P r o t o n R e c o i l P r o p o r t i o n a l C o u n t e r ? 

A . P a u l s e n , F . A r n o t t e 

A d i f f e r e n t r i s e t i m e i s o b s e r v e d for r e c o i l pro ton- ind-- ; .<• ' : : 

e l e c t r o n - i n d u c e d p u l s e s in p r o p o r t i o n a l c o u n t e r s due M : :::':"•• 

r e n t a v e r a g e t r a c k l e n g t h s and t h e i r r a d i a l p r o iec ' i . . - :b . 

T w o d i f f e r e n t m e t h o d s have b e e n t r i e d : the ' r i s - • i;\ • ' -va"' 

t h e ' d i v i d i n g ' m e t h o d (M. OBI" e! a l . , N u c l . T n s r r . à b - a 

T h e r i s e t i m e m e t h o d has b e e n t e s t e d at "0 , K'n and Ï1 )'•'•• •%'•'• • a 

h a s b e e n shown tha t the coun t ing lobs of t he p r o t o n r c c a i a . •: a 

s p e c t r u m g a t i n g is n e g l i g i b l e . The d iv id ing m e i h o d i s ; • • • •» • 

u n d e r s t u d y . U n f o r t u n a t e l y it is doubtful if t h e s e rerhi\. .a;a s ••••• 

t h e r a n g e of a p p l i c a b i l i t y of p r o t o n r e c o i l coun t ing to b-'». » •' ••:• 

e n e r g i e s in Van de Graaf f a p p l i c a t i o n s . 
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Fast fission yields and ©(-values 0f SOme nuclides 

(G. Cottone, A. Cricchio, L. Koch, W. Krause ) 

Fission yields of Sb—125, Nd, Cs and Xe-isotopes were obtained 

for Np-237, U-235, Pu-239, Pu-2Ao, Pu-241 from capsules irradiated 

in the Rapsodie reactor (1). Isotope dilution mass spectrometry 

together with /\ -specti""' ;?trv '•:er" ".5? J. F^r the ,:-vr,]":it'. <~. n ol 

fission yields the usual normalisation procedure was applied (2) 

(table 1). oi-values, which may characterize the neutron energy 

spectrum (3), were determined (table 2). 

The relative fission yields of Nd -isotopes agree with earlier 

result-; (<») ('.able 3/. The a? .jointe vit-ld:--, ;1M: i^h t;..v t re 

systematically lower b a: !!" ~e :•(••. irfed by ('.• ,-.• •,;•. 11 wi. •!'. i n 

experimental erriv . Aa i T ;p :,i .he >;ivcn •' cv: ';... J .•.-. :•.-.•'•• h..-

expected to result fn. t! ••> ;:•:.? yses of .-.ddi.:ion;. L c.ipsu1- :. 

+ .^legate of 2RCH, Gesellscha!' fur Kerr! or ;.'• ij-.m-. , Karlsruli. 
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TABLE I I 

çJ.-vr.lr,.^ of sever ; ! 1 f ! s s i 11. n u c l i d e s 

n u c l i d e 

Np-237 

U-235 

Pu-239 

Pu-24o 

Pu-241 

<X-value 

1 , O j + O . O J 

0 .213 + u .oo7 

o . ! 34 + o .oo3 

o .3oo + o .oo7 

o . 1 11 + o .oo3 
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U-235 
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Pu-24o 

Pa-241 
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